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TeMaTMMecKoe nuaHMpoBaime 
yne6Horo MaTepnasia 


OCHOBbl 3Jl£KTpOAHH jtMHKH (21 H) 

M&HumHoe none (10 n) 

BaaHMOAeHCTBHe tokob. Beicrop MamimioH hh^kumh. JIhhhh Mam hthoh 
HH^yKUHH. Moflyjib eeicropa Mam hthoh HimyicuHH. Ciuia AMnepa. npH MeHeHHe 
3axoHa AMnepa. Cvuia Jlopenua. Manumiwe CBOHcraa aeiuecTBa. 
3jieKmpoMtvnumHasi uudyKiiu* (11 h) 

Oncpuroe ajieicrpOMarH hthoh HH/iyicuHH. ManiHTHutt noTox. npasmio 
JleHua. 3aicoH 3JieicrpoMarHHTHOH hh^kumh. 3/JC-hhaykuhh b ABroKymHxc« 
npOBOAHHKaX. CaMOHH^yKUIU. HHAykTHBHOCTb. 

KojiefiaHHH h bojihu (38 h) 

MexanunecKue tcojiedanu m (7 h) 

CBoGo^Hbie h BUHyxcaeHHue xojie6aHHji. Ycjiobhh bo3hhkhob£HHji cbo6oa- 
hux Kone6aHHH. MaxeMaTHHecKHH mqjjthhk. /l,HHaMHk;a KOJieGarejibHux abhxcc- 
hhh. BbiHyxcAeHHue KojicfSanHM. PeaoHaHC. 

3jieitmpoMazHumHbie tcojieSanu a (9 h) 

Cbo6oahuc h BbiHyacaeHHue KOJie6aHH«. Kojie6areJibHufi KOHiyp. riepHOA 
cbo6oahux ajieicrpHHecKHX icone6aHHH. IlepeMeHHUH ajieicrpHHecKHH tok. Ak- 
THBHbie, HHAYKTHBHbie H OTHOCHTCJlbHUe COIipOTHBJieHHJL Pe30HaHC B 3JieKTpH- 
wecKOH ucnw. ABTOKOJie6aHH». 

tTpotasodcmso , nepedaia u ucnonbioeaiiue uietcmpimecKou mepzuu (6 h) 
reHepwpoBaHHe 3JieicrpH*iecKOH 3HepntM. TpaHCtjiopMaTopu . ripoinBOACTBO 
h HcnojibaoeaHHe 3Jieicrpo3neprHH. IlepeAawa 3Jieicrpo3HeprnH. 3(j)(J)eicrHBiioe 
Hcnojib30BaHiic aiieprHH. 

MexanuHecKue bojihu (7 h) 

BojiHOBbie jiBJieHH». PacnpocTpaHeHHe MexaH hmcckhx bojih. /^’iHHa bojihu. 
CxopocTb. Bojihu b cpeae. 3ByxoBue bojihu. 

3jietcmpoMa2HumHue bojihu (9 h) 

Hto Taxoe 3JieicrpoMarHiiTHue bojihu. 3xcnepHMeHTajibHoe o6Hapy)«ceHHe 
3JieinpoMamHTHux bojih. H3o6pereHHe paawo A.C. FtonoBUM. npHHUHn pa/ino- 
cbh3h. PacnpocrpaHeHHe 3JieKTpoMamHTHUX bojih. PaAHOJioKamui. 

OnTHKa (40 *i) 

Ceemoeue bojihu (26 h) 

CxopocTb csera. 3axoH orpaxceHnn csera. 3axoH npCJiOMJieHHM. I Iojjhoc 
BH yrpeHHee OTpaacenne. JTnioa. ^HcnepCHfl. HHrep^epeHUHX. /I.HiJjpaKHHJi. J\n- 
4>paxuHOHHafl pemerica. I lojuipHaanHfl csera. IlonepeHHocTb cbciobux bojih. 
3jteMenmu meopuu omnocumejibHocmu (6 h) 

3axonu ajieicrpojiH hbm hkh h npHHivin othochtcji bhocth. nocryjiaTu TeopHH 

OTHOCHTeJIbHOCTH. OTHOCHTCJIbHOCTb OAHOBpCMCHHOCTH. OCHOBHUe CBOHCTBa, 

BurexaioiuHe H3 nocTyjiarroB reopHH OTHOCHTeJIbHOCTH. 3aBHCHMOcrb Maccu ot 
cKOpocni. J^HiiaMHKa. Cb» 3 b Mewjxy MaccoH h anepmefi. 

Hjjiyuenue u cnetanpu (8 h) 

Bhau H3JiyHeHHH. Hctohhhkh caera. Cnempu h cneinpajibHue annaparu. 
Bhau cneKTpoB. CneicrpajibHUH anajiH3. HH^paxpacHoe h yjibTpa^HOJieroBoe 
H 3 J^yMCHHc. PeHTreHOBCKoe H3JiyHeHHe. LLIicajia ajieinpoMarHHTHux bojih. 
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TeMamiweckoe nnaHupoeaHue ywe6wo20 Mamepuana 


KBaHToean ij) h 3 h k a (35 m) 

Ceemoebie Ksaitnibi (11 h) 

OoT03(j)(t3eKT. Teopna (j)0T03(j)(t)eKTa. Ootohu. ^aBJieHwe cBeTa. XnMH4ecxoe 
^eficTBHe CBeTa. 

AmOMHdi I (J)l43liKQ (4 h) 

CrpoeHwe aTOMa. OnbiTbi Pe3ep<j)op,aa. KBaHTOBbie nocTyjiaTbi Bopa. Mo^ejib 
aTOMa BOAopo^a no Bopy. TpyxiHOCTn Teopun Bopa. KBaHTOBaa MexaHHKa. JIa3e- 

pbi. 

0U3UKO amoMHOzo ndpa (1 7 h) 

MeTO^bi HaGmoaemia h perHCTpauHH 3JieMeHTapHbix nacTHU. OncpbiTne pa- 
^HoaKTHBHOCTn. AjTbcjja-, 6eTa- w raMMa-n3Jiy4eHHa. PaanoaKTHBHoe npeBpame- 
rnie. 3axoH pa^HoaKTHBHoro pacnajia. H3OT0nbi. OTKpbiTHe HeflTpoHa. CTpoeHne 
aTOMHoro aa pa. 3Heprna CBa3H. fl^epHaa peaxuna. ^ejieHHe a,aep ypaHa. UenHaa 
a^epHaa peaKuwa. JlflepHbiH peaKTOp. TepMoa^epHaa peaxuna. EnojiorH4ecxoe 
JieHCTBHe pa^KOaKTHBHblX H3Jiy4eHHH. 

djieMenmapHbie nacmuiibt (3 v) 

Tpn 3Tana b pa3BHTHH (J)H3 hkh aneMeHTapHbix nacTHu. OTKpbime no3HTpoHa. 
AHTHHaCTHLIbl. 

3HaweHHe <|>h3hkh /iji h oobHCHeinni m h p h h ph3bhthh 
npoH3BOAHTejibHtix chji oSmecTBa (1 h) 

E^nHaa c|)H3H4ecKaa xapTHHa MHpa. 


PC3epBHbIH ypOK (1 h) 




nOYPOHHblE PA3PAEOTKM 

k yneSHMKy 

r.9\. MflKuujeBa, E.E EyxoBueBa 


OCHOBbl 3/ieKTpOflMHaMMKM 


rnasa 1. MarHHTHoe nosie 

YpoK 1. B3anMoaeiicTBne tokob. MarHHTHoe nojie 

Ifejiu: naTb ynamHMCfl npencTaBneHHe o MarHHTHOM none. 

J. JeMoncmpai^UR : ncMOHCTpanna onbiTa 3pCTena, nBH>KeHH« npOBon- 
HHKa C TOKOM B MarHHTHOM IIOJie; AeMOHCTpaUH^ CHJIOBWX JIHHHH Mar- 
HHTHoro nonn nocToanHoro MarHHTa, MarHHTHoro nojin npaMoro roxa. 

Xo n ypoKa 

L OpraiiH3auH0HHbiH momcht 
II. H3yneHHe hoboto MaTepnana 

IiCTOpHH MarHHTa HaCHHTbIBaCT CBBIUie AByX C nOJIOBHHOH TbICflH 
jieT. B VI b. no h. 3. .apeBHeKHTaHCKHe yneHbie o6Hapy>KHJiH MHHepan, 
cnoco6Htn1 lTpHTarHBaTB k ce6e >Kejie3Hbie npenMeTbi. B npeBiine Bpe- 
MeHa CBOHCTBa MarHHTa nbrrajiHCb oSBacmiTb, npHnncbiBaa eMy <okh- 
Byio nymy». Tenepb mm 3 HaeM: BOKpyr jiK)6oro MarHHTa cymecTByer 
MarHHTHoe none. 

B 1820 r. T.-X. 3pcTen o6Hapy*acHJi, hto MarHHTHoe none nopoacna- 
eTca aneKTpHnecKHM tokom. 

(IIpoBo^HTcn neMOHCTpauHH onbiTa 3pCTe.na.) 

B 1820 r. AMnep npenno>KHn, hto «MarHHTHbie CBOHCTBa nocTonn- 
Hbix MarHHTOB oOycnoBneHbi mho^cctbom KpyroBbix tokob, HHpxynH- 
pyfoinnx BHyTpH Monexyn 3 thx Ten». 

CeoHCTBa MarHHTHoro nojin 

1 . MarHHTHoe none nopo>tcnaeTC5i tojibko nBHacymHMHca 3ap«naMH, b 
H aCTHOCTH OneKTpHHeCKHM TOKOM. 

2. B OTJiHHHe ot aneKTpHnecKoro nona MarHHTHoe none o6Hapy>KH- 
BaeTca no ero neficTBHio Ha nBHHcymneca 3apanbi (3apa>xeHHbie Tena). 




6 rioypo^Hbie pa3pa6omKU k yveGmiKy r.ft. Mmcuiueea , G.B Gyxoeneea 


3. MarHHTHoe nojie MaTepHajibHO, TaK KaK oho AewcrByer Ha Tejia h, 
cjieflOBaTejibHO, o6jiouaeT aHepmeii. 

4. MarHHTHoe none oEnapy^KHBaeTCfl no achctbhio Ha Mamimiyio 
CTpejiKy. 

OnuT AMnepa 

IlponycKaeM tok no napajuiejibHMM npoBOAHHKaM. rH6KHe npoBOA- 
hhkh yKperuiaeM BCpTHKajibHO, 3areM npncoeAHHxeM hx c HCTOHHHKaMH 
TOKa* Hnnero He Ha6jno^aeM. Ho ecjiH 3aMKHyn> Komibi npOBOAHHKOB 
npOBOJIOKOH, B npOBOAHHKaX B03HHKHyr TOKH IipOTHBOIIOJ10)KHOrO Ha- 
npaBJieHHfl. npoBOAHHKH HaMHyr cmajiKHBaTbCJi xpyr ot apyra. 

B cjiynae tokob oAHoro HanpaBjieHH* npoBOAHHKH npHTanmaioTCJi. 
3 t 0 B3aHMOAeHCTBHe Me*Ay HpOBOAHHKaMH C TOKOM, TO eCTb B30HMO- 
AeHCTBHe MOJCZiy ;iBH5KyiUHMHC« 3JieKTpHHeCKHMH 3ap5IAaMH, Ha3bIBaiOT 
MQZHUIttH blM . ChJIU, C KOTOpbIMH IIpOBOAHHKH C TOKOM ACHCTByiOT Apyr 

Ha Apyra, Ha3usaioT Mam hthjjmh cHJiaMH. 

Yhauim /(ncejib6epT Bbmycmn b 1600 r. KHHry non Ha3BaHHCM «Ho- 
Bas 4>H3HOAon« b MarHHTax, Mammubix cwjiax h bcjihkom Mamme 3eM- 
J1H». C 3TOH KHHTH, COOCTBCHHO, H HaHHHaeTCJI nOAHHHHOe IiayHHOe H3y- 
MeHHe aneKTpHHecKHx h MamHTHbix jibjichhh. /^HceJibOepT onncan b cbo- 
efi KHHre Bee ceoHcma MannrroB, Koropbie b ero anoxy 6biAH nasecTHbi, a 
TaiOKe H3J103KHA pe3yjibTaTbi coOcibchhwx oneHb BaxcHbix onbrroB. Oh 
yica3aji Ha p«A cymecTBeHHbix pa3JiHHHH mokay 3JieicipHHeeKHM h Mar- 
HHTHLIM irpHTJDKCHHMMH H BBCJI CaMO CJIOBO «3JieKTpHHeCTBO». 

Xotji nocjie /IioceJibOepra pauiHHHe mokay aneinpHHecKHMH h Mar- 
HHTHbiMH HBJieHHjJMH 6ujio y*e bccm HeocnopHMO XCHO, TeM lie MeHCC, 
pHA 4>aKTOB yKaiuBaer Ha to, hto npH bccm cbocm pa3JiHHHH 3 th xbjichhx 
K 3KHM-T0 06pa30M TeCHO H HCpa3pUBHO C 8513311 bl Apyr C ApyTOM- Han6o- 

Aee 6pocajorcji b rjia3a (Jjaicru naMarHHHHBaHHx acejie3HMX n pc am emu h 
nepeManiHHHsaHHx Manunnux crpejioK noA bjihahhcm mojihhh. 

3naMenHTbiH <J)paHiiy3CKHH 4 >h3hk ^ Aparo (1786-1853) b cboch pa- 
6ore «TpOM h mojihhh» onHCbieaeT HHrepecHWH CAynaii: «& wohc 1681 r* 
KopaOjib «KopoAesa», HaxoAHBuiHHcx b coroe MHJib err 6epera b onepbi- 
tom Mope, 6bui nopajiccH MOJiHHen, Koropax npH'iHHHJia 3HaHiiTenbHbie 
noBpOKAemni b ManTax, napyeax. KorAa HacrynHJia hohb, to no nonoace- 
HHIO 3Be3A BbWCHHAOCb, HTO H3 TpeX KOMIiaCOB, HMeBIUHXCff Ha KOpa&Tie, 
ABa noica3LiBajiH na ior, a TperHH - Ha 3anaA»- 

Aparo onucbiBaeT Tajoice cjiynaii, xorAa mojihhx, yAapHBuiasca b aom, 
CHJTbuo HaMarHHnma b HeM CTanbHbie hohch, bhjikh h Apyrae npeAMerbi. 

B nanane XVIII b. 6mao ycTaHOBJieHO, hto mojihhx npeAcraBJweT 
co6oh ajieicipHMecKHH tok, hayihhh nepe3 B03Ayx. lloaTOMy (})aKTbi Mor- 
jih noACKa3aTb, hto bcakhh 3AeiopHHecKHH tok o6jraAaeT KaioiMH-TO 
Main HTHLIMH CBOHCTBaMH. OAHaKO o6liapy>KHTb 3TO yAanOCb TOJlbKO B 

1820 r. OpcTeAy* 




ypOK 1. B3auModeucmeue moKOe. MaaHumHoe none 
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riepBbie ycnexH b HCCjieAOBaHHii MarHHTHbix hbjichhh 
b CpeAHHe Beica 

B Cpe^HHe BeKa H3yHeHHe MarHHTHbix hbjichhh npHo6peTaeT npax- 
THnecKoe 3HaneHHe. 3 to npoHcxoAHT b cbh3h c H3o6peTeHHeM KOMnaca. 

y>xe b XII b. b EBpone CTaji H3BecTeH KOMnac xax npH 6 op, c noMO- 
mbio KOToporo mo>kho onpeAeJiHTb HanpaBJieHHe nacTeH cBeTa. O kom- 
nace eBponeiiubi y3Hajin ot apa6oB, KOTopbiM 6 wjio y»:e k 3TOMy BpeMe- 
HH H3BeCTHO CBOHCTBO MarHHTHOH CTpeJIKH. Eme paHbUie, BepOBTHO, 
TaKOe CBOHCTBO 3HaJIH B KHTae. 

HanHHaa e XII b. KOMnac Bee iunpe npHMeHajica b mopckhx nyTeiue- 
CTBHflx ajih onpe,aejieHHJi xypca Kopa6jw b otkplitom Mope. 

npaKTHHecKoe npnMeHeHHe MarHHTHbix hbjichhh iiphboahao k ueo6- 
XOflHMOCTH HX H3yHCHHH. IloCTeneHHO BbIXCHXJICJI UeJIblH pflA cbohctb 
M arHHTOB. 

B 1600 r. Bbinuia KHHra aHrjiHHCKoro yneHoro y. rHJib6epTa «0 
MarHHTe, MarHHTHbix Tejiax h OojibiuoM MarHHTe - 3eMJie». B Hen bbtop 
onncaji y)xe H3BecTHbie CBOHCTBa MarHHTa, a Taioxe coGcTBeHHbie ot- 
KpblTHfl. 

Eme paHbrne y3Hajin, hto mbthht Bcer^a HMeeT ABa noAioca. Ohh 
6buiH Ha3Banbi no hmchh nacTen CBCTa - ceBepHbin nojnoc h lOtfCHbiii 
nojuoc. B HHCJie cbohctb MarHHTa T HJib6epT yKa3bmaji Ha to, hto oah- 
HaKOBbie nojiwcbi oTrajiKHBaiOTca, a pa3HOHMeHHbie npHTurHBaioTCfl. 

rHJibGepT npeAnojiaraji, hto 3eMJia npeACTaBJiaer co6oh Gojibuion 
MarHHT. HtoObi noATBepAHTb 3 to npeAnoJioaceHHe, THjibGepT npoAejiaji 
cneunajibHbiH onbiT. Oh bbttohha H3 ecTecTBeHHoro MarHHTa 6ojibiuoH 
map. npnOjiiDKaji k noBepxnocTH mapa MarHHTHyio cTpejixy, oh noxa- 
3aji, hto OHa BcerAa ycTaHaBjiHBaeTca b onpeAejieHHOM noAOHcenHii, Tax 
>xe xax CTpejixa KOMnaca Ha 3eMjie. 

THJibOepT onncaji abjichhc MarHHTHOH HHAyKUHH, cnoco6bi HaMar- 
HHHHBaHHH >xejie3a h cTajm h t. A- KHnra THjibGepTa HBHJiacb nepBbiM 
HayHHbiM HccjieAOBaHneM MarHHTHbix hbjichhh. 

III. 3aicpenjieHHe MaTepnajia 

- Kaxne B3aHMOACHCTBHB Ha3MBaiOT MarHHTHblMIl? 

- IlepeHHCJiHTe ocHOBHbie CBOHCTBa MarHHTiioro nojia. 

- OnHuiHTe onbiT 3pcTeAa. 

- ^to AOKa3biBaeT onbiT 3pereAa? 

IV. IIoABCACHHe HToroB ypoxa 

/loManmee uviaiiHe 

§ 1 yneSHHKa. 
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YpoK 2 . MarHHTHoe nojie h ero xapaicrepHCTHKH 

Ifejib : c(J)OpMHpoBaTb npe^CTaBneiiHa yHamnxca o MarHHTHOM none 
h ero cBoncTBax. 

Odopydoeanue: hctohhhx nHTaHHa, kjiioh, nepeMeHHbin pe3HCTop, 
aMnepMeTp, xaiymxa Ha noncTaBxe, KOMnac, coenHHHTenbHbie npOBona. 

Xofl ypoKa 

I. OpraHH3ai|H0HHMH MOMeHT 

II. AKTyajiH3ai|Hfl nianHH 

- Hto Ha3biBatoT MarHHTHbiM noneM? 

- Kax B3aHMoneHCTByioT MOK,ay co6oh napajurejibHbie tokh? HeM 
Bbl3BaHO 3TO B3aHMOneHCTBHe? 

- IlepeHHCjiHTe npaBHJia, onpenenaiomHe HanpaBneHHa MarHHTHo- 
ro nona. Kax ncnojib30BaTb 3 to npaBHJio? 

III. H3yneHHe Hoeoro MaTepwajia 

1 . npoBeneHHe axcnepHMeHTa. 

3KcnepuMeum M 1 

Pacnojio^cHM nepen xaiymxoH xoMnac. 

3aMxneM ijerib h 6yneM HaSnionaTb 3a noBene- 
HHeM xoMnaca. 

Kaxofi BbIBOn mo>kho cnenaTb? 

Boxpyr npoBonHHxa c tokom cymecTByer 
MarHHTHoe none (MariiHTiioe none nencrByeT Ha 
cTpenxy xoMnaca, OTxnonaa ee). 

3KcnepuMettm M 2 
Pacnono^cHM nepen xaTymxoH xoMnac Tax, HTo6bi paccroaHne mok- 
ny hhmh 6bino oxono 12 cm. 3aMXHeM anexrpHHecxyio qenb. B naHHOM 
cnynae OTxnoHeHHa CTpenxH He Ha6nionaeTca. IIpw npH6nn>xeHHH xa- 
TyinxH x xoMnacy Ha paccToaHHe 8 cm, Ha6nK>naeTca OTxnoHeHHe cTpen- 
xh (oho MOttceT 6birb oxono 30°). yMeHbwaa paccToaHHe, bh^hm yBenw- 
neHHe yrna oTxnoHeHHa CTpenxH. HeM nanbuie ot npoBonHHKa c toxom, 
TeM cna6ee MarHHTHoe none. 

2. Paccxa3 ynHTena. 

MarHHTHoe none mohcho H3o6pa3HTb rpa<{)HHecxH npH noMomn nH- 
hhh, xacaTenbHbie x xoTopbiM b xaxcnofi Tonxe coBnanaioT c HanpaBne- 
HHeM BeXTOpa MarHHTHOH HH^yKIJHH. 

JIhhhh MarHHTHOH HHnyKUHH He nepecexaioTca. npH H3o6pa>xeHHH 
MarHHTHOrO nona C nOMOIIJblO nHHHH MarHHTHOH HH£yXIJHH 3TH nHHHH 





YpoK 2. MaaHumHoe none u ezo xapaxmepucmuKU 
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HaHocflTCfl TaK, HTo6bi hx rycTOTa b jho6om MecTe nona 6wjia nponop- 
UHOHajibHa 3HaneHHio Mo/iyira MarHHTHofi HHayKUHH. 

XapaKTepHOH OCoSeHHOCTblO J1HHHH MaTHHTHOH HH^yKUHH flBJIfleTCfl 
HX 3aMKHyTOCTb. 

MarHHTHoe nojre ABjineTca BHxpeBbiM. 

OTKpbiTHe 3JieicrpoMarHeTH3Ma 

B XVIII B. 3JieKTpHHeCTBO H MaTHeTH3M CHHTaJIHCb XOTfl H nOXOHCH- 
MH, HO BCe ace HMeiOmHMH pa3JIHHHyiO npHpO^y ABJieHHflMH. ripaB^a, 
6biJiH H3BecTHbi HeKOTOpbie (JmKTbi, yKa3biBaiomHe Ha cymecTBOBaHHe 
Kax 6y;rro 6bi cbu3h MOK^y MarHeTH3MOM h 3jieKTpHHecTBOM, HanpHMep, 
HaMarHHHHBaHHe >Kejie3Hbix npe/jMeTOB b pe3yjibTare y^apOB mojihhh. 
Bojibuie Toro, OpaHKjiHHy y^ajiocb, xax 6y^T0 6u HaMarHHTHTb icycox 
>Kejie3a c noMombio pa3pjma jienfleHCKOH 6aHKH. Ho Bce-TaKH H3BecTHbie 
4>aKTbi He no3BOJuuiH yBepeHHo yTBepacflaTb, hto Meacay ajieiapHHecKH- 

MH H MarHHTHbIMH HBJieHHHMH CyiljeCTByeT CB5I3b, 

TaKyio CB» 3 b BnepBbie o6Hapy>KHji aaTCKHH (J)H3 hk TaHC KpHCTHaH 
3pCTe£ (1777-1851) b 1820 r. Oh OTKpbui fleiicTBHe 3JieKTpHHecKoro 
TOKa Ha MarHHTHyio CTpejiKy. 

HHTepeCHa HCTOpHJI 3T0T0 OTKpbITHfl. HaeiO O CBH3H MOK^y 3JieKTpH- 
qecKHMH h MarHHTHbIMH ABJieHHflMH 3pCTe^ BbiCKa3aji eme b nepBOM 
AecaTHJieTHH XIX b. Oh nojiaraji, hto b »BjieHH5ix npHpo^bi, necMOTpa 
Ha Bee hx MHorooOpaane, HMeeTca cahhctbo, hto Bee ohh CBimHbi Meac- 
jx y co6oh. PyKOBOflCTByacb 3 toh HAeefi, oh nocTaBHji nepe# co6oh 3a.ua- 
ny BbracHHTb Ha onbiTe, b neM 3Ta CBH3b npoaBJiaeTca. 

OpCTCU OTKpblJI, HTO eCJIH HaU npOBOAHHKOM, HanpaBJieHHbIM R/JOJIb 
3eMHoro MepH^HaHa, noMecTHTb MarHHTHyio cTpejiKy, KOTopaa noKa3bi- 
BaeT Ha ceBep, h no npoBOUHHKy nponycTHTb 3JiejcipHHecKHH tok, to 
crpejiKa OTKjiOHneTcn Ha HeKOTopwH yroji. 

llocjie Toro xax OpcTeu onySuHKOBaji cBoe oTKpbiTiie, MHorne 4>H3 h- 
kh 3aH5UiHCb Hccjie^OBaHHeM 3Toro HOBoro HBJieHHB. Opanny3CKHe yne- 
Hbie )K. Bho h O. CaBap nocTapajmcb ycTaHOBHTb 3axoH uencTBHJi TOica 
Ha MarHHTHyio CTpe;ncy, to ecTb onpeuejiHTb, xax h ot nero 3aBHCHT ch- 
;ia, ^encTByiomaH Ha MarHHTHyio CTpejiKy, xorua OHa noMemeHa okojio 
3JieKTpHHecKoro Toxa. Ohh ycTaHOBHJin, hto CHjia, ueHCTByiomaa Ha 
MarHHTiibiH nojnoc (hb Koneu ujiniiHoro MarHHTa) co cTopOHbi np»MO- 
HHHeHHoro npoBO^HHKa c tokom, HanpaBJieHa nepneHuincy/nipHO k KpaT- 
HaiiuieMy paccTOHHHio ot nonioca uo npoBOUHHKa h MouyJib ee o6paTHO 
nponopUHOHanen 3TOMy paccToaHHio. 

no3HaKOMHBniHCb c pa6oTOH Bho h CaBapa, n.-C. JIanjiac 3aMeTHji, 
hto ujiu pacneTa «MarHHTHOH» chum, to ecTb, roBOpu coBpeMeHHbiM 
a3biKOM, Hanpfl^ceHHOCTH MarHHTHoro noun, noJie3HO paccMaTpHBaTb 
UeHCTBHC OHeHb Majlbix OTpe3KOB npOBO^HHKa C TOKOM Ha MarHHTHblH 
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nojiioc. Hobbih Ba^KHeHiiiHH mar b HccjiejjOBaHHH 3neKTpoMarHeTH3Ma 
6 uji CAenaH (J)paHijy3CKHM yneHbiM Anupe MapH AMnepoM (1775-1836) 
b 1820r. 

Pa 3 AyMbiBaa HaA OTKpbiTneM 3pcTCAa, AMnep npwmen k coBepmemio 
HOBbIM HAeMM. Oh npeAH 0 J 10 >KHJI, HTO MaTHHTHbie HBJieHHH B b!3bl BaiOTCS 
B3aHMOjxeHCTBHeM 3JieKTpHHecKHx tokob. Kaa<AMH MarHHT npeACTasAaeT 
C 06 OH CHCTeMy 3aMKHyTbIX 3AeKTpHHeCKHX TOKOB, nJlOCKOCTH KOTOpbIX 
nepneHAHKyjiapHbi och MarHHTa. B3aHMOAencTBHe MarHHTOB, hx npiroi- 
3KeHwe h OTTajiKHBaHHe oOBAcmnoTCA npHTSDKeHHeM h orrajiKHBaHHeM, 
CymeCTByiOmHMH MGTKJjy TOKaMH. 3eMHOH MaTHeTH3M TaK^Ce 06 yCJ 10 BJieH 
3JieKTpHHeCKHMH TOKaMH, KOTOpMe npOTeKaiOT B 3CMHOM inape. 

3Ta rwnoTe3a TpeSoBajia, kohchho, onbiraoro noATBep>KAeHH5i. H 
AMnep npo^ejiaji uejiyio cepHio onbiTOB aj ia ee o6ocHOBaHH5i. 

IlepBbie onbiTbi AMnepa 3aKjnoHajiHCb b oOHapyaceHHH chji, achct- 
ByiOinHX Me?K£y npOBOAHHKaMH, no KOTOpbIM TeneT 3AeKTpHHeCKHH TOK. 
OnbiTbi noKa3ajin, hto ABa npaMOAHHeimbix npoBOAHHKa c tokom, pac- 
nojio>KeHHbie napajuiejibno apyr Apyry, npHTHTHBaioTca, ecjiH tokh b 
hhx HMeiOT OAHHaKOBoe HanpaBJieHne, h oTTaA kh BaioTca , ecjin HanpaB- 
JieHHe TOKOB npOTHBOnOJIOJKHO. 

AMnep noKa3aji Taioxe, hto bhtok c tokom h cnHpajieBHAHbiii npoBOA- 
HHK C TOKOM (cOJieHOHA) BCAyT Ce6fl KaK MarHHTbl. ^Ba TaKHX npOBOAHHKa 
npHTarHBaioTca h OTTajiKHBaioTca noAo6HO AByM MarHHTHbiM CTpenKaM. 

Cboh nepBbie coo6meHHa o pe3yjibTaTax onbiTOB AMnep cAenan Ha 
3aceAaHHax riapnaccKOH axaAeMHH HayK oceHbio 1820 r. riocne stoto oh 
3aHfljica pa3pa6oTKon Teopnn B3aHMOAeHCTBHa npoBOAHHKOB, no koto- 
pbiM TeneT 3JieKTpHHecKHH tok. 

Awnep peiuHJi b ocHOBy TeopHH B3aHM0AeHCTBHH tokob nono>KHTb 
3AKOH B3UHMOACHCTBH5I Me^CAy 3JieMeHTaMH TOKOB. HyACHO OTMCTHTb, 
hto AMnep roBopHJi yace ne npocTO o B3aHMOAencTBHH 3JieMeHTOB npo- 
boahhkob, KaK Eho h CaBap, a o B3anMOAeiicTBHH oneMeHTOB tokob, TaK 
KaK k TOMy BpeMeHH yace bo3hhkjio noHATne CHJibi TOKa. H 3 to noHHTHe 
BBeA caM AMnep. 

CAeAy* B3TAAAaM toto BpeMeHH o noAoOHH 3AeMeHTapHbix cha ch- 
naM TflroTeHHH, AMnep npeAnonoaoiA, hto cnna B3aHMOAencTBHH MeacAy 
3JieMeHTaMH Asyx tokob 6yAeT 3aBHceTb ot paccTOAHHa Meaojy hhmh h 
AOAACH a 6uTb HanpaBneHa no npaMOH, coeAHHaiomeH 3 th ABa 3JieMeHTa. 

IlpoBeAa OoAbmoe hhcao onbiTOB no onpeAeneHHK) B3aHMOACHCTBHa 
TOKOB B IipOBOAHHKaX pa3AHHHOH (J)OpMbI H nO-pa3HOMy pacnOJIO>KeHIIbIX 
OTHOCHTenbiio Apyr Apyra, AMnep, b KOHue kohuob, onpeAennn hcko- 
Myio cHiry. TIoao6ho cHJie TaroTeHHA OHa OKa3aAacb o6paTHO nponop- 
HHOHaAbHOH KBaApaTy paccTOHHHA MeacAy 3AeMeHTaMH oneKTpHnecKHx 
TOKOB. Ho B OTAHHHe OT CHAM TMTOTCHHA ee 3HaHeHHe 3ABHCeAO eilje H OT 
OTHOCHTeAbHOH OpHeHTaiJHH 3AeMeHTOB TOKOB. 
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AMJiep npOBOZIHJI OnbITbl C 3 aMKHyn>IMH nOCTOHHHblMH TOKaMH, OH 
nojTynaji npn pacnerax no CBoefi (^opMyjie npaBHJibHbie pe 3 yjibTaTbi. 
OKa 3 biBaerca, hto w * 3 aMKHyn>ix npoBOflHHKOB (})opMyjia AMnepa npw- 
boaht k xeM ace pe 3 yjii>TaTaM, hto h HcnpaBJieHHaa BnocjieacTBHH (j>op- 
Myna, Bbipaxaiomasi CHJiy B 3 aHMoneHCTBH» Mexmy ojieMeHTaMH tokob, 
KOTOpas no-npeacHeMy hocht Ha 3 BaHHe 3 aKOHa AMnepa. 

IV. 3 aKpeiuieHBe MaTepnajia 

- B weM coctoht npaBHiio npaBoro bhht 3 ? 

- Kaicyio ()>opMy hmciot jihhhh MarrorrHOH HHjjyKUHH irpsMoro Toxa? 
— Ot Hero mbhcht Mannfmaa HH^yiapw nona BHyrpH BbrraHyroH 

KaTyuiKH? 

— B neM 3 aKJHOMaeTca npmmun cynepno 3 HUHH? 

V. IIoABeAeHHe htoi'ob ypOKa 
^oMauiHee aaaamie 

§ 2 yne6HHKa. 

M 3 roTOBHTb ojieKTpoMarHHT h HcnuraTb ero. 

OTBeTHTb Ha Bonpocw: 

- Ot K 3 KHX napaMerpoB 3 aBncirr MarHHTHoe none ojieKTpoMarHHra? 

- OnpeaejiHTb nonioca Baiuero 3 JieicrpOMarHHTa. 

- B neM orjiHHHe h b neM cxo^ctbo ojieKTpOMam hth h nocroxHHoro 
MarHHTa? 


YpoK 3 . 3 aicoii AMnepa h ero npuMenenne 

Lfejtb: c(j)opMyjiHpoBaTb 3 aKOH AMnepa h noica 3 aTb ero npaKTHHe- 
CKyiO IIpHMeHHMOCTb. 


Xoji ypoica 

L OpraiiH3aiiHOHHbiH momcht 

II. AirryajiH3aKHSK 3iiaiiHH 

— OnHUJHre onbrr Opcre/ja. 

- KaxHM flBjweTCJi MarHHTHoe none? 

- Hto moxho CKa3arb o 6 ochobhux jihhhjix Manumioro nojra? 

- Hto Taxoe coneHOHfl? 

- C(j>o pMy ji H py HTe npaBHjia ajib oiipe/ieJieHHfl nanpaBjienHH chjio- 
Bbix jihhhh ManniTHoro nojw? 

- Hto moxcho CKaian, o Manunmix MOHonojiax? 

III. BunonHCHHe Jia&opaTOpHoif pafk>Tbi 
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Jla6opaTOpHan pa6oTa no TeMe 

«H3y«ieHHe cbohctb nocTOflHHwx MarHHTOB» 

Ifenu: nojiyMHTL xapTHHbi chaobbix ahhhh MarHHTHoro noAA BOKpyr 
nOCTOHHHHX MarHHTOB. 

Odopydosanue: MarHHT tiojiiocoboh (2 hit.), MarHHT n0AX0B006pa3 - 
hlih, MarHHTHaa crpeAxa, cxpenxn, MeAHbiH npoBOfl, AacTHx, >xene3Hbie 
OnHAXH. 


Xoa paSoTbi 

1 . Hafij^HTe ceBepHMH nojnoc CTpeuKH, ycTaHOBHTe nojnoca nojnoco- 
Boro MarHHTa h noAKOBOo6pa3Horo. 06o3HanbTe ceBepHbin h iokhuh 
nojnoca MarHHTOB. 

2. IIOAOACHTe JIHCT KapTOHa Ha nOJHOCOBOH MarHHT H paBHOMepHO 
nocwnbTe ero ^cejie3HbiMH onnjiKaMH. He ABHraa MarHHT h xapTOHxy, 
ocTOpo>fCHo nocTyHHTe no xapToiixe, hto 6 w onHJiKH MorjiH nepeMemaTb- 
c ». 06paTHTe BHHMaHHe, xax BbicTponjiHCb onnjiKH Ha HHCTe. QzjejiaHTe 
pHcyHOK b Terpa^H. 

3. llojiyHHTe xapTHHy MarHHTHoro non* AByx nojuocoBbix MarHHTOB, 
pacnojio)KeHHbix napajuiejibHO Apyr Apyry, h no,AxoBoo6pa3Horo MarHHTa. 

4 . HtO M 05KH0 CKa3aTb O JIHHHHX MaTHHTHOH HHAyXHHH? 

IV. H3y*ieHHe hoboto MaTepnajia 

1 . npOBeAeHHe axcnepHMeHTa. 

Ho AByM napajineAbHbiM npOBOAHHxaM nponycxaeM 3AexTpnnecxHH 
tok. B tom cjiynae, earn tok nanpaBneH b OAny CTopoHy, Ha6jnoAaeTc« 
IIpHTJttKeHHe npOBOAHHKOB, eCAH B pa3Hbie CTOpOHbl, TO OTTajTKHBaHHe. 

npHTJDKeHHe HAH OTTBA K HB3HHC 3AeKTpHHeCXH HeHTpaAbHbIX npO- 
boahhkob npH nponycxaHKH nepes hhx 3AexTpHHecxoro Toxa Ha3biBaioT 
MaTHHTHblM B3aHMOAeHCTBHeM TOXOB. 

Ha npoBOAHHx c toxom b MarHHTHOM noAe AencTByeT CHAa, xoTopaa 
noAynHAa na3BaHHe cham AMnepa. HanpaBAeHne 3 toh chabi mohcho 
H aiiTH npn noMomn npaBHAa acboh pyxn. MaTeMaTHnecxaa 3anncb HMe- 
eT cAeAyiomHH bha: 

F ^ - IBl sin a , 

rAe I— CHAa Toxa b npOBOAHHxe; B - MarHHTHaa HHAyxHHA; / - AAHHa 
npOBOAHHxa; a - yroA Me)KAy HanpaBAeHHeM npoBOAHHxa h HanpaBAe- 
HHeM BeXTOpa MarHHTHOH HHAyXHHH. 

2. Pa6oTa c yne6HHXOM. 

ynamnecfl OTxpbmaiOT c. 900 yne6HHxa, HHTaioT § 64 h OTBenaiOT Ha 
CAeAyiomne Bonpocbi: 

- Kax ycxpoen H3MepHTeAbHbiH npn6op ManiHT03AexTpHHecxoH 
CHCTeMbI? 
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- KaKOBO ycTpoficTBO 3JieKTpojxBHraTejiH nocTOJiHHoro TOKa? 

- Ot qero 3aBHCHT BpamaiomHHca MarHHT 3jieKTpoABHraTejm no- 
CTOtfHHOrO TOKa? 

- KaK mo^cho H3MeHHTt HanpaBjieHHe BpameHHfl flKopji ojieKTpo- 

^BHraTejia? 

- KaK M03KH0 H3MCHHTB CKOpOCTb BpaHjeHHfl JIKOpfl 3JieKTpO£BHTaTejlfl? 

V. PemeHHe aaaan 

1. Kaxaa CHJia neiicTByeT Ha Ka^atm Meip AJMHbi B03/iyiiiHbix npo- 
BOAOB TpOJIJieH6yCHOH JIHHHH, pacnOJIO»ceHHbIX Ha paCCTOflHHH 52 M 
jxpyr ot Apyra, ecjiH cnjia Toxa b npoBo^ax - 2000 A? ( Omeem : 1,5 H.) 

2. BbIHHCJIHTe HH^yKHHIO MarHHTHOTO nOJlH Ha paCCTOHHHH 10 M OT 
fljiHHHoro npaMoro npoBO^HHKa npH cwjie TOKa b npoBOAHHKe 20 A. 
(i Omeem : 4- 10' 5 Tji.) 

3* BbIHHCJIHTe HHAyKHHIO MarHHTHOTO nOAfl BHyTpH UHAHHApHHe- 
ckoh KaTyuiKH ajihhoh 10 m, coAepacameft 200 bhtkob npoBOAa, npH 
CHJie TOKa b KaTyuiKe 5 A. (Omeem: 1,3-10“ 2 Tji.) 

3a^anH noBbimeHHOH cjiohchocth: 

1. B BepTHKaJibHo oahopoahom MarHHTHOM nojie Ha /jByx tohkhx 
jieHTax ropH30HTaJii>HO noABetneH npoBOAHHK aahhoh 20 cm h Maccofi 
20,4 r. HH^yKHHJi MarHHTHoro nojia paBHa 0,5 Ta. Ha KaKOH yroji or 
BepTHKaJIH OTKJlOHHTCfl JieHTBI, eCJlH CHJia TOKa B npOBOAHHKe paBHa 2 A. 

(Omeem: 45°.) 

2. npJiMOJIHHeHHblH npOBOAHHK MaCCOH 2 Kr H AAHHOH 50 cm noMe- 
meH b oAHopo^Hoe MarHHTHoe nojie nepneHAHKynapHO ahhhhm HHAyK- 
Hhh. UnjjyKUHfi noJifl paBHa 15 Tji. Kaxon cham tok aojvkch npoxoAHTb 
no HeMy, hto6h oh bhccji He naAaa? (Omeem: 2, 7* Tji.) 

3. npOBOJHUHHH CTepKeHb JieiKHT Ha rOpH30HTaAbHOH nOBepXHOCTH 
nepneHTHKyjiapuo OAHOpOAHOMy ropH30HrajibHOMy MarHHTHOMy nojno c 
HH/iyKiineH 0,2 Tji. Kaxyio cnjiy b ropH30HrajibHOM HanpaBjieHHH HyacHO 
npHJio^KHTb nepneH£HKyjiapHOMy npo boahh K y AJia ero paBHOMepHoro no- 
CTynaxejibHoro abhjkchhh? Cnjia TOKa b npoBOAHHKe - 10 A, Macca - 100 r, 
AJiHHa - 25 cm, K03<j>4>HijHeHT TpeHHH -0,1. (Omeem: 0,548 H hjih 0,402 H.) 

VI. noABeneHHe htotob ypoKa 

^onojiHHTejibHbifi MaTepna.i 
Aiiape-MapH AMnep 

Anape-MapH AMnep poahjich 20 HHBapfl 1775 r. b JlnoHe b ceMbe o6pa30- 
BaHHoro KOMMepcaHTa. Oreq ero BCKope nepece/wAca c ceiwbew b HMenne flone- 
Mbe, pacnonoaceHHoe b OKpecTHocTax JlwOHa, h jihhho pyKOBOAHJi BocnHTaHiieM 
cbiHa. y»:e k 14 roaaM AMnep npo^HTan see 20 tomob 3HaMeHHTon «3 hahkjio- 
neaHH» 71 H Apo h a’AjiaM6epa. npoaBJiaa c actctbb Sojibuiyio ckjiohhoctb k 
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M 3 TeM 3 THHeCKHM nayicaM, AMnep k 18 roAaM b coBepiueHcrae Hiymui oc hob Hue 
TpyAM 3 fiJiepa > EepHyjum h Jlarpauxa. K to My BpeweHH oh xopouio BJiaaeji 
jiaTum»K), rpenecKHM h HTajibUHCKHM mbiraMH. Hhumh cjioeaMH, AMnep nojiy- 
hhji myOoxoe h anunicnoneAHwecKoe o 6 pa 30 BaHHe. 

B 1793 r. b JIhohc Bciiuxuyji kohtppcbojiiouhohhuh mjttok. Oreu AMnepa - 

HCHpOHAHCT, HCnOJlHXBIlIHH o6»3aHHOCTH CyAbH npH MflTC^HHKax, nOCJie nOAaB- 
jieHHx Mjrrexca 6uji Ka3HCH icaic coo6iuhhk apHCTOKparoB. HMymeCTBO ero 6buio 
KOH(J)HCKOBaHo. IOhuh AMnep Hawaii cboio TpyAoayio AearejibHOCTb c wscthux 
ypoKOB. B 1801 r. oh 3aH3Ln AOJracHocrb npenoAaBarejui <}>h3hkh h xhmhh ueH- 
TpajibHoif uiKOJibi b ropoAe Eypre. 3Aecb oh naiiHcaji nepBuw iiaywnun TpyA, 
nocBxiueHHbiH TeopHH BepojrmocTH «OnuT MareMaTHwecKOH TeopHH nrpt>i». 3ra 
pa6ora npHBjiexjia BHHMamie A*AnaM6epa h JIaiuiaca. H AMnep cran npenoAa- 
Bari, MareMaTHKy h acrpoHOMHio b JIhohckom nnuee. B 1805 r_ AMnep 6btii Ha- 
3nawen peneTHTOpOM no MareMaTHice b 3HaMennTOH nojiHTexHHwecKOH uiKOJie b 
1 fapHvicc h c 1809 r. 3aseAOBaji Ka4>£ApoH Bucuiefi MareMamiKH h MexannKH. B 
3tot nepHOA AMnep ny6jiHKyer p«A MaTeMaTHweCKHX rpy^OB no TeopHH p»aob. 
B 1813 r. ero H36HpaioT hjichom MHCTHiyra (t. e. IlapHxccKOH Akbacmkh nayic) 
Ha mccto cKOHwaBuierocji JlarpaHxca. Bcxope nocne mfipaims AMnep npeAcra- 
bhji b AicaaeMHio CBoe HccneAOBaHHe o npeaoMjieHHH ceera. K aroMy xce BpeMe- 
hh othochtch ero 3H3MeHHToe «riHCbMO k r. Beprojuie», b xoropoM AMnep 

C<t>OpMyJIHpOBaJl OTKpblTblH HM HeiaBHCHMO OT ABOraApO XHMHWeCKHH 3aKOH, 
HMenyeMbiH HbiHe 3axoHOM AaoraApo-AMnepa. 

B 1816 r. AMnep onyOaHKOsaji cboio KAaccH<J>HKauHK> xhmhwcckhx oneMeH- 
tob, nepByio b hctophh xhmhh cepbe3Hyio nonuncy pacnoaoxcHTb xHMHwecKHe 
ajieMenTu no hx cxoAcrey Mexcoy co6oh. 

OncpbiTHe 3pcreAOM b 1820 r. achctbhx aaeicrpHwecKoro Toxa Ha MamHT- 
Hyio crpeaxy npHBAexaeT BHHManne AMnepa k hbjichhhm 3JieicrpOMarHeTH3MaL 
AMnep craBirr m i lorowncjieH Hbie on bind, ii3o6peraeT ah* ttoh ucah cnoxcHbie 
npnOopu, KOTopue H3roraBjiHBaer 3a cboh ewer, wto ciuibHO nOApuBaer ero 
MarepHajibHoe nGAOdcenne. 

C 1820 no 1826 r. AMnep ony 6 iiHXOBaji p«A TCopcTHwecxHx h 3xcnepnMCH- 
rajibHux rpyAOB no a ne xrpo ah h aM i t xe h nowxn exceHCAenbHO Buciynaji c aox- 
A3AHMH X AxaAeMHH Hayx. 

B 1822 r. oh Bbinycnui «C 6 opHHx ha6a ioac hh h no 3 JiexTpoMarHeTH 3 My», b 
1823 r. — «KoHcneicr TeopHH ajiexTpOAHHaMHHecxHX «BjieHHH» h, naxonen, b 
1826 r. - 3 HaMeHHTyio «TeopHio 3 AexTpoAHHaMHwecxHx hbjichhh, bubcachhux 
HCKjnowHxejibHo H 3 onbiTa». AMnep noAywaer BceMHpHyio H 3 BecrHOCTb xax bw- 
AaiOlUHHCX <|>H3HK. 


YpoK 4. Pememie sa^an. Cmia AMnepa 


Ifejib: orpa6onca npaKTH hcc khx namjKOB npw pemeHHH 3aAan. 

£oa ypoica 


I. OprauH3a uhohhuh momcht 
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IL IIOBTopeHHe MaTepwajia 

- ^to ycTaHaBjiHBaeT 3 aKOH AMnepa? 

- HeMy paBeH uojxynh CHJibi AMnepa? 

- C<}>opMyjiHpyHTe npaBHJio, no3BOJi5nomee onpejjejiHTb HanpaBJie- 
Hue CHJibi AMnepa. 

- npHBeAHTe npnMepbi ncnojib30BaHH5i CHJibi AMnepa. 

III. PeuieHHe 3a^an 

1 . B o^HOpOAHoe MarHHTHoe none BueceHbi itpoboahhkh c CHJiaMH Toxa, 
HanpaBneHHJi xoTopbix yxa3aHbi Ha pnc. 2. OnpejiejiHTe HanpaBJieHvw CHJibi, 
.aeHCTByiomeH Ha xaacjibiH npoBo/iHHK co CTOpOHbi MarHHTHoro nojw. 



2. Onpe,aejiHTb HanpaBjieHHe Toxa b npoBO^HHKe, HaxoAameMca b 
MarHHTHOM none, ecjin jjeHCTByEomaa na npoBO^HHK cHJia HMeeT Ha- 
npaBjieHHe: 



Puc. 3 


3. FTpaMOH npOBO^HHK ab zuihhoh / = 0,5 m, MaccoH m = 0,5 r no/j- 
Beinen ropH30HTajibno Ha /iByx HeBecoMbix hh- 
th\ oa h ob b cxnHopoflHOM MarHHTHOM nojie 
(cm. pnc. 4). B = 24,5 mTji h nepneHAHxyjiapHO k 
npoBo^HHxy. Kaxoii tok Ha^o nponycTHTb qepe3 
npoBo^HHK, hto6m oflHa H3 HHTefi pa3opBajiacb, 
ecjiH HHTb pa3pbmaeTCJi npH Harpy3xe, paBHofi 
CHJie, npeBbiiuaiomeH Mg - 39,2 mH. 



A&ho: 

/ = 0,5 m, 
m = 0,5 r, 

B = 24,5 mTji, 
Mg - 39,2 mH 
/=? 


PeuieHHe: 

R - ma ; 

2 T -mg- F ^=0 => 

t =\(^< f aY 

T = ^[mg + F^>Mg => 


Bl 


= 3,75 A. 



Puc. 5 


(Omeem: /= 3,75 A.) 
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4. IIpOBOflHHK C TOKOM 7 = 1 A, MaCCOH Jit — 20 T H ^JIHHOH / = 20 M 
noABeineH Ha a B yx tohkhx npOBOjioicax h noMeiueH b OAHopoAHoe Mar- 
HHTHoe nojie c BeicropoM B , HanpaBJieHHbiM BepTHKantHO (cm. pHC. 6). 
BejiHHHHa hhaykuhh Toxa B = 0,5 Tji. Ha kbkoh yroji ot BepTHKajiH ot- 
KJIOHHTCfl npOBOJIOKa, nOAAep^KHBaiOmafl npOBOAHHK? 


,HaHo: 

7=1 A, 
m = 20 r, 
B = 0,5 Tji 
/=? 


PeiueHue: 

R = md ; 

CocTaBHM CHCTeMy 
x F - IT sin a = 0 

y 2T cos a -mg = 0 ’ 

2 T sin a = BIl 

=> 

IT cos a = mg 


BIl 

tga = *0,5; a = 26,5°. 

mg 



(i Omeem : a = 26, 5° .) 


5. PaMKa njioma^Bio S = 25 cm 2 , coAepncaiuan 77= 100 bhtkob npoBO- 

Aa, noMemeHa b OAHopoAHoe MarHHTHoe none Tax, hto HHAyKUHn B 
napannentHa nnocKOCTH paMKH. Ilpn BejiHHHHe Toxa b KancnoM bhtkc 
I = 1 A Ha paMKy co CTOpOHti MarHHTHoro nojw neHCTByeT momcht chjim 
A/ = 510 -3 H*m. OnpenejiHTB BejiHHHHy B Beicropa HHnyKUHH MaranTHO- 
ro nojw (210 -2 Tji). 

6. FIpJIMOJIHHeHHblH npOBOAHHK C TOKOM nOMemeH B OAHOpOAHOe 

MarHHTHoe none c hh^kuhch B = 0,2 Tji. HaiinHTe BejiHHHHy chjim, 
neiiCTByiomyio Ha npOBOAHHK, ecjiH ero AJiHHa / = 10 cm, BejiHHHHa TOKa 
7 = 3 A, a HanpaBJieHHe TOKa cocTaBJineT c iianpaBJieHHeM Beicropa hh- 
nyKUHH MarHHTHoro nojia yron a= 45° (4,2* 10 -2 H). 

7. ^CecTKaa npOBOA»ma» KBaApaTHaa paMKa JiencHT Ha ropH30HTajib- 
hoh HenpoBOAnmefi noBepxHocTH h HaxoAHTcn b MarHHTHOM nojie, jih- 
hhh HHAyKUHH KOToporo napajuiejitHM AByM CTopOHaM paMKH. Macca 
paMKH m = 20 r, AJiHHa ee cropoHu a = 4 cm, BejiHHHHa MarHHTHoii HH- 
AyKUHH B = 0,5 Tji. KaKOH BejiHHHHti tok cneAyeT nponycTHTb no paM- 
Ke, hto6w OAHa H3 ee cTopoH\^anajia noAHHMaTbca (7—5 A)? 

IV. XIoABeAeHiie htotob ypoica 

^OMaumee lanaHHe 

Ynpa)KHeHHe 1 (1:2). 

P - 829; P - 830. 
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YpoK 5. JIa6opaTopHa» paGoTa no TeMe 
«OueHKa MOiiyjifl eeicropa ManiniHofi hiiaykuhh 
noAKOBOo6pa3Horo MarHHTa» 

IJesib: HcnoJiB30BaHHe chjiw AMnepa aah onpeAejieHHH BeKTOpa Mar- 
HHTHOH HH^yKUHH OAHOpOAHOrO nOJIfl. 

Ooopydoaan ue: noAKOBOo6pa3HbiH MarHHT, KaTyuiKa c H3BecTHbiM 
hhcjiom bhtkob, Becbi c pa3HOBecaMH, HHTb, aMnepMeTp, peOCTaT, KJHOH, 
HCTOHHHK TOKa, JIHHCHKa, UITaTHB C JianKOH. 

Xoa paGoTbi 

1. OnpeaejiHTe Maccy KaTyuiKH c BHTKaMH. 

2. 3aicpenHTe KaTyuiicy Ha AByx hhthx b jianxe uiTaTHBa rax, hto6m 
KaTyuiKa Ha 2 cm yrnySHJiacb b npocTpaHCTBo Meacay nojiiocaMH HaKo- 
HenHHKaMH noAKOBoo6pa3Horo MarHHTa h Morjia cbo6oaho KOJie6aTbca, 
He Bpaiuaacb BOKpyr CBoefi och. 

3. CoSepHTe uenb, no3BOjnuomyK) nponycKaTb tok no KaTyuiKe, pe- 
rynHpoBaTb ero h H3MepaTb cnjiy TOKa. 

4. PeocTaTOM oTperyjinpyHTe cnjiy TOKa Tax, htoGm KaTyuiKa otkjio- 
Hajiacb ot BepTHKaJiH na 1-2 cm, He BbixoA» H3 3a30pa MarHHTa. 

5. npH 3TOM H3MepbTe CHJiy TOKa, OTKJIOHeHHe X , ^JIHHy HHTH Z. 



7. CAenaHTe buboa. 


^oMauiHee 3aAaime 

n. 2-5. 


YpoK 6. Cmia JIopeHua 

JJenu: ycTaHOBHTb cHJibi, BJinaioiUHe Ha noABH>KH6e 3 apaxceHHoe Te- 
JIO B OJieKTpOMarHHTHOM none. 

Ooopydoeanue: CTapbin TeJieBH3op, reHeparop no;ioc, 3JieKTpoMarHHT. 
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Xo,u ypoKa 

L OpraHU3ai|H0HHbiH momcht 

II. AKTyaj»f3auHfl 3HaHHH 

1. OpoHTantHMH onpoc. 

- Hto TaKoe 3JieKTpoMarHHTHoe none? 

- KaKHe BejiHMHHH orrpenennKDT cocroaHHe oneicipoMarHHTHoro nojm? 

- Kaxaa cnjia Ha3MBaeTca 3 JieKTpnHecKOH? 

- Kaxaa cmia Ha3biBaeTca MarHHTHOH? 

- Hto TaKoe npo6Hbin 3apa,a? 

- KaK onpenenaeTca ajidcrpHnecKaa HanpnnceHHOCTt? 

- ^to Ha3breaeTC5i MarHHTHOH HHnyKqneH? 

- KaK onHCbiBaeTCH B3aHMoneHCTBne 3apaaceHHbix Hacrnu Ha a3bi- 
Ke TeopHH nojin? 

2 . PemeHHe 3KcnepHMeHTajibHoif 3ananH. 

- KaK, HMea b pacnopaaceHHH 3apaaceHHbiH aneiopoMeTp c nojibiM 
rnapoM h npo6HbiH oiapHK Ha H30jiHpyiomeH pynxe, nojiynHTB Ha 
npyroM ajieicTpoMeTpe c nojibiM mapoM 3apan, npeBbimaiomHH 
3apnn no MoayjiK) nepBoro aneiopoMeTpa? (IJpednojiaaaeMoe 
peiuenue : FIpoGhlih mapHK nojjHocaT k KOHnyicropy 3apa>xeHHO- 
ro ajieicipoMeTpa Ha paccToaHHe, paBHoe 2 cm, h KacaiOTca rna- 
pHKa pyKOH. IIpH 3tom oh npHo6peTaeT aneiapHHecKHH 3apan, 
npoTHBonojio^KHWH no 3Haxy 3apana ajieKTpoMeTpa. IIpH no- 
BTOpHbix onepaunax Ha hcm HaKanjiHBaeTca 3apa^.) 

III. H3yHeHHe Hosoro MaTepuajia 

IIpOaHaJlH3HpOBaB CBOHCTBa 3JieKTpOMarHHTHOrO nOJIH H yCTaHOBHB 
CBB3B cHJioBbix xapaicrepHCTHK 3Toro nojia npyr c npyroM, a TaioKe c 
3apanaMH w tokbmh, MaKCBejui Hanncaji CHCTeMy ypaBHeHHH, cocTa- 
BHBUIHX OCHOBy n Jlfl TeopHH. 

B 1892 r. JIopeHU nonyHHJi <])0pMyjiy chjim, c KOTOpofi 3JieKTpOMar- 
HHTHoe none aencTByeT Ha mofioe naxo/inmeeca b hcm 3apaaceHHoe Teno. 
F = qE + quB - ajieicipoMarHHTHaa cnjia JIopeHna. 

3aeci> BKJiiOHeHH nBa cjiaraeMbix: 
nepBoe - 3JieicrpHHecKaa cnjia F ^ qE ; 

BTopoe - MarHHTHaa cnjia (hjih npocTO cwjia JIopeHna) F = qu B . 

F = |^|t>5sin£3r . 

HanpaBJieHa MarHHTHaa cnjia JIopeHua Bcer^a nepneHAHKyjiapHo 
BeicropaM D h B b Ty CTOpOHy, Kyjja nepeMemanca 6 b,i GypaBHHK b cny- 
nae noBOpOTa ero pyKoaTKH ot D no B . Hjih onpe^enaerca npaBHJiOM 
jieBOH pyKH. 
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Tax Kax MarHHTHaji cuna JIopeHua acer^a nepneHAHKyAApHa CKopo- 
cth abhacchha, to oHa pa 6 oTy He coaepuiaeT (>4 = 0 ). 

MacTHHa, BJieraa b oAHopoAHoe nocroAHHoe ManiHTHoe none: 

md — quB\ 
ma = \q\oBsmo . 

1 . Ecjih D || B , to a = 0 °, sin a = 0 , F m = 0 . Cmia JIopeHna He Aeii- 


cTByer, nacTHixa npoAOjr»caeT CBoe abhacchhc. 
2 . a = 90 °, u±B , 


mo 


ma 


= \ q \vS-, a = «=^ = |M => * = 


_ 2 nR 2 nm 

h ee nepHOA T = = -r—. — , nacTHua abh^kctcji no oicpyacHOCTH. 

*> m s 

3. HacTHua BACTaeT b MarHHmoe none noA ocrpbiM hah TyiibiM yr- 
aom k Beicropy B . 


ynaiAHecs oncpwBaioT yneOnHK Ha c. 169 h pa36npai0TCA caMOCTOA- 
TeabHO (paScrra c yneOHHKOM). 

JfeMOHcmpaqn a cwiu Jlopenqa 

n P H ABHACeHHH 3AeKTpOMaTHHTa B 30He 3KpaHa Ha6AK)AaeTCB HC- 
KpHBAeHHe nOAOC. 

IV. 3aKpeiuieHHe MaTepuaAa 

— Kaicyio cniiy HaauBaio r chaoh JIopeHqa? 

- HanniUHTe <j>opMyjiy ajia onpeAeJieHH« chaw, c KoropoH Mar- 
HHTHoe noae AencTsyer Ha abhacchhc b Teae 3apa;ia. 

- KaK ABHacerca lapjoKennaA nacraua b oahopoahom maiuhthom 
noae b cjiynae, KorAa HanpaBAeHHe CKOpocm nepneHAHicyAApHO 
MaTHHTHOH HHAyKHHH? 

- noHCMy cHAa JIopeHua He MeiweT MOAyAA CKOpocm 3apa*ceH- 
HOH HaCTHUW? 

- no KaKOH (JjopMyae onpeAeAAerca nepnoA o 6 pameHHA 3 apAxceH- 

HOH HaCTHUU no OKpyaCHOCTH B OAHOpQAHOM MaTHHTHOM noae? 

V. PemeHHe 3aAan 

1 . B OAHOpOAHOM MaTHHTHOM nOAe, HHAyKUHA KOTOpOFO paBHa 2 Ta, 
ABHAcercA 3AeicrpoH co CKopocTbio 10 5 m/c nepneHAHicyAApHO ahhham 
MaiUHTHOH HHAyKHHH. BbIHHCAHTC CHAy, ACHCTByiOIUyiO Ha 3AeKTpOH. 
(Omeem:F,= l, 2 -W'*H). 

2. SaeicrpOH abhacctcji b BaxyyMe b oahopoahom MaTHHTHOM none c hh- 
AyKUHCH 5- 1 0 3 Ta. PaAHyc oKpyaaiocTH, no KoropoH oh ABHAcerca, paaeH 
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1 cm. OnpenenHxe Monynt CKOpocTH nBH)KeHHfl anetcrpoHa, ecjiw 0 Ha Ha- 
npaBjieHa nepneunHKyjwpHO k jihhh5TM hh^kuhh. (Omeem: u = 910 2 m/c). 

VI. IIoABeAeHHe htotob ypona 

^OMauiHee 3anaHue 

n. 6. 

P - 839; P - 840. 


YpoK 7. IIpHMeHeHMe cmibi JIopeHua 

IJenb: noKa3axb npaKXHHecicyio 3HaHHM0cxt chjtm JIopeHua. 


Xou ypoKa 

I. OpraHH3ailH0HHblif MOMeHT 

II. IIOBTopeHHe H 3 yneHHoro 

- Kaicyio CHJiy Ha3MBaiox chjioh JIopeHua? 

- HeMy paBHa cwjia JIopeHua? 

- Hxo TaKoe 3 JieKTpHnecKoe nojie? 

- KaKoe nojie Ha3HBaiox onHoponHMM? 

- B KaKOM cjiynae aneicxpHHecKoe nojie pa 3 ron«ex 3 apa>KeHHyio 
HaCTHUy, a B KaKOM T 0 pM 03 HT? 

- *Ixo TaKoe MarHHTHoe none? 

- Kan onpeueJiHTb HanpaBJieHHe MarHHXHOH chjim JIopeHua? 

- KaK UBHacexcH uacTHua b MarHHTHOM none b pa3HMX cnynanx? 

III. BbinojiHeHue naooparopnoH paooTLi 


JlaoopaTopnan paooTa 

Lfenu: 03HaK0MneHHe c ycxpoficxBOM 3neicxp0HH0-JiyHeB0H xpyOxn 
ocunnnorpa(J)a, Hcnom»30BaHHe 3HaHHH o CHJie JIopeHua nnn onpenene- 
hhh CKOpocxn UBHtfceHHa 3apnna. 

06opydoeanue: nonKOBoo6pa3HMH Mamnx c paccHHxaHHMM Mony- 
neM B MarHHXHOH HimyKUHH, nHHenica, (icuHnnorpa(J) (aneicxpoHHO- 
jiyneBax xpyOxa). ^ 


Xon paooibi 

1. YcxaHOBHxe cnen aneicxpoHHoro nyua (cBexamyioca xonxy) b ueH- 
xpe 3KpaHa, Bpaiuan pyuicn BepxnicanbHoro h ropH30HxanbHoro CMeiue- 
HHa jiyua ocuHnnorpa(J)a. Ocxopo>KHo npHHCMHxe nonKOBy Marnnxa k 
3KpaHy h H3Mepbxe nnHeincoH cMeiueHne Jiyua no Y. 

2. 3apncyuxe nono>KeHHe MarHHxa oxHocHxentHo aicpaHa, HanajibHoe 
h KOHenHoe nono>KeHHe nyna Ha 3Kpane. Yica>KHxe HanpaBneHHe nwHHH 




ypoK 7 . flpuMeHeHue cunbi JlopeHita 


21 


MarHHTHOH HH^yKUHH mok^Y noniocaMH MarHHTa. Onpe^enHTe HanpaB- 
JieHHe ^BHHCCHHH 3JieKTpOHOB. 

3. Pannyc KpnBH3Hi»i Haw^HTe no (})0pMyjie: 



rae R - paanyc KpHBH 3 Hbi; d - TonmHHa cjioh, r^e ^encTByeT MamnTHoe 
none; y - CMemeHHe. 

qB[y 2 +d 2 ) 

u = T L ’ 

2gm 


rne qwm- Ta6nHHHbie naHHbie. 

4. Ecjih H3BecTHO HanpH)KeHHe Me>Kfly yCKopaiomHMH sneioponaMH 
ocuHJiJiorpa<j>a, to mo>kho npoBecm oueHicy: 



IV. IfoyHeHHe hoboto MaTepnana 

PaCCMOTpHM HeKOTOpbie H3 MHOrOHHCJieHHbIX npHMeHeHHH CHJlbl 
JIopeHua, KOTOpbie BCTpenaiOTca b Hayxe h TexHHKe. 

1 . ynpaBJieHne sneiapoHHbiM nyHKOM. 

Kax bh^ho H 3 naSopaTopHon pa6o™, c noMomtio MamHTHbix nonen 
mo:hcho H 3MeHHTb HanpaBJieHHe jjBioKeHHH 3JieKTpoHOB. BnepBbie ynpaB- 
JIHTb 3JieKTpOHHbIMH JiyHaMH HayHHJICfl Tomcoh. 

2. OnpeneneHne cxopocTH ^Bn>KeHHH HacTnu. 

3. flencTBHe MaranTHoro nona Ha nBHHcymneca 3 apaa<eHHbie nacTH- 
ubi Hcnonb 3 yeTca nna npeo 6 pa 30 BaHHa KHHeraHecKOH oHeprnn nna 3 - 
MeHHOH CTpyn b 3 neKTpHHecKyio (Mrfl-reHepaTopbi) (MarHHTorHAponn- 
HaMHKH). 

FIotok mia3Mbi Hanpaanaerca b nonepennoe MarHHmoe none, xoropoe 
nencTByeT Ha /jBfDKymnecfl 3apa>fceHHbie nacTHUbi F tl =B-q-v , HanpaBnen- 
Hoe nepneHOHKyjwpHo k cxopo cth hx newKenHa. B pe3ynbTaTe nono>KHTejib- 
Hbie noHbi oTKJiOHjnorca BBepx, a 3JieKTpOHbi n OTpnnaTenbHbie HOHbi - bhh 3. 

BepXHHH KaToa 3 JieKTpH 3 yeTca nonoacHTenbHO, a hhhchhh - oTpnua- 
TenbHO, hx BbiBOAfci aBJiaiOTca noniocaMH reHepaTOpa. Meamy sneicrpo- 
AaMH tok TeneT CHH 3 y BBepx. IlpoHcxoAHT yMeHbineHHe CKopocra CTpyn 
h ee KHHeTHHecKOH 3 HeprHH. Ha MF^-reHepaTope KHHeTHnecicaa 3 Hep- 
rna nna 3 MeHHOH CTpyn npeo 6 pa 30 BbiBaeTca HenocpencTBeHHo b 3 nex- 
TpHHeCKyK) 3 neprHK). 

CoBMecmoe Hcnonb30BaHHe Ha TennoBbix oneicTpocTaHnnax rnnpo- 
AHHaMHHecKoro MeTona npeo6pa30BaHHa OHeprHH h oSbiHHbix napoTyp- 
6HHHbix ycTaHOBOK no3BonneT 3HaHHxenbHO noBbiCHTb 3KOHOMHHecjcyio 
3<j)({)eKTHBHOCTb 3neKTpOCTaHlJHH. 
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4. Onpeflejiemfe 3HaKa 3ap5ma ABioKyuieifCJi MacrHUbi. 

5. MarHHTHbie jioByuiKH. 

6. Onpe^eiienwe y^eiibHoro 3ap*ma h muccij nacTHu. 

7 . YcKOpHTeJIH 3ap3DKeHHUX HaCTHU. 

8. 3jieKTpOHHblH MHKpOCKOn. 

V. 3aKpenjieuHe mynemioro MaTepHajia 

- KaKHM mctoaom mojkho onpeAejurrb cKopocrb aapjDKCHHbix nac- 

THU? 

- Kaic c noMombio Mansmioro nojw moxcho ymarb 3apjr>KeHa ah 

nacTHixa? 

- OnHniHTC npHHIlHIT ACHCTBHfl UHKJIOipOHa. 

VI. noABeaeme htoi ob ypoica 

Jl OManiuee aa^aune 

n. 6; ynp. Xs 1 (3 : 4). 

^onojiHHTejibHbiH MaTepuaji 
IIojiapHbie CHHHHfl 

Oahmm H3 KpacHBeHiuHx oirTHMecKHX jiBJieHUH npHpojuJ BRjisercs nojispHoe 

CHS H He. 

B 6ojn>uiHHCTBe cJiynaeB nojispHbie chshhs hmcjot jcjichuh hjih chhc- 
3CJICHbJH OTTCHOK C H3pCAKa riOSBJISIOlUHMHCS nSTHaWH HJIH KBHMOH p030B0ro 
hjih KpacHoro ueera. 

riOJlSpHUe CHSHHS Ha6jHOAaiOT B AByX OCHOBHUX 4>OpMaX - B BHJie JieHT H B 
BHae odnaiconoAolmux nirreH. Kor/ia chsiihc hhtchchbho, oho npHo6peraeT 
4>opMy jicht. Tepss mrreHCHBHOCTb, oho npeBpamaercs b runna. Ojwaico MHome 
jieHTU HcnesaiOT, He ycnes pa36HTbcs Ha rurma. JleHTbi xax 6u bhcst b tcmhom 
npocrpaHcree He6a, iianoMHuas mraHTCKHH 3 ananec hjih AparmpOBicy, TSHy- 
myiocs odbiHHO c Bocrofca Ha 3ana,a Ha tucshh KHJiOMerpoB. Bucora aroro lana- 
Beca cocraajiseT HecKOJibKO ccrren nuiOMerpOB, TOJimHua He npeBuuiaer ne- 
CKOJlbKHX COTCH MCTpOB, IipHHCM OH TaK HOKCH H IipOipaHCH, MTO CKB03b Hero 
BHAHbl 3BC3AU. HlDiCHHH KpBH 3aHaBeca AOBOJIbHO pe3KO H OTHCTJIHBO OHCpHCH H 
Macro noAKpanieH b xpacmjH hjih p030BanjH user, HanoMHHaiomHH xaHMy 3a- 
Haseca, sepxHHH - nocreneuHo Tepsercs b bucotc h 3to co3Aaer oco6emio 3(J)- 
(Jjckthog BnenaTjieHHe rjiy6HHti npocTpancTBa. 

PauiHHaiOT nerupe THna nojispnux chbhhh: 

- OAHopoAnas flyra - CBersmascs nojioca hmcct Han6ojiee npocryio, 
cnoKOHHyFo 4>opMy. OHa 6anee s picas cHH3y h nocreneHHo HC 4 e 3 aeT 
KBepxy Ha (J)OHe CBeneHHs ne6a. 

- JlyHHcras ^yra - jieirra craHOBHrcs HecKOJibKO (fcwiee 3 kthbhoh h hoa- 
BH5KHOH, ona o6pa3yeT MeJHcne ckjibakh h crpyHKH. 

— JlyHHCTas nojioca - c pocroM aicmBHocTH 6ojiee xpynHbie cioiaAKH Ha- 
KJiaAUBaiOTCs na mcjikmc. 

npH nOBblllieHHH aKTHBHOCTH CKJI3AKH HJIH neTJIH paCUIHpJHOTCS AO OrpOM- 
hux pa 3 MepoB, hhxchhh xpaii jieHTu jipxo cHser po3QBUM cseneHMeM. Koraa 
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aKTHBHocTb cnaaaeT, CKJiajucn HCHe3aioT h jieHTa B03BpamaeTCJi k o^Hopo^HOH 
<J)OpMe. 3tO HaBO^HT Ha MbICJIb, HTO OflHOpOflHaJI CTpyKTypa HBJHieTCH OCHOBHOH 
4>OpMOH nOJIJIpHOrO CHJIHHJI, a CKJiajIKH CBJI3aHbI C B03paCTaH HCM aKTHBHOCTH. 

MaCTO B 03 HHKa!OT CHJIHHJI HHOrO BHfla. OHH 3aXBaTblBaiOT Becb nOJIHpHblH 
paHOH H OKa3bIBaiOTCfl OHeHb HHTeHCHBHbIMH. ripoHCXOflJIT OHH BO BpeMJI yBCJIH- 
HeHHfl COJIHeHHOH aKTHBHOCTH. 3TH CHJIHHJI npeflCTaBJIJHOTCJI B BH^e 6ejIOBaTO- 
3eJieHOH uianKH. TaKHe chjihhji Ha3biBaioT uiKBajiaMH. 

Ilo apxocTH chjihhji pa3flejutioT Ha neTbipe KJiacca, OTJiHnaioiUHecji .apyr ot 
flpyra Ha o/jhh nopjmox (to ecTb b 10 pa3). K nepBOMy miaccy othocjitcji chjihhji 
ejie 3aMerHbie h npH6jiH3HTejibHo paBHbie no «pkocth MjienHOMy nyTH, chjihhji 
ace HeTBeproro KJiacca ocaemaiOT 3eM;no TaK Jipxo, KaK nojinaj? JlyHa. 

Hano oTMeTHTb, hto B03HHKuiec CHHHHe pacnpocTpaHJiercJi Ha 3anan co CKO- 
pocTbio 1 km/c. BepxHHe cjioh aTMOC<j)epbi b o6jiacTH BcnumeK chjihhh pa3orpe- 
BajoTCM h ycTpeMjnnoTCfl BBepx, hto cKa3anocb Ha ycnjieHHOM TOpMoaceHHH hc- 
KyCCTBeHHbIX enyTHHKOB 3eMJIH, npOXOJUimHX 3TH 30HbI. 

Bo BpeMJI CHJIHHH B aTMOC<}>epe 3eMJlH B03HHKaiOT BHXpeBbie 3JieKTpHHeCKH.e 
tokh, 3axBaTbiBaiomHe Sojibiune o6jiacTH. Ohh B036y>K,naK>T .qonojiHHTejibHwe 
HeycTOHHHBbie MarHHTHbie nojni, Tax Ha3biBaeMbie warHHTHbie 6ypn. Bo BpeMa 
chjihhh aTMOC<}>epa H3JiynaeT peHTreHOBCKHe jrynn, KOTopwe, no-BH^HMOMy, 
HBjiaiOTCfl pe3yjibTaTOM topmoscchhji ajreKTpoHOB b aTMOC(}>epe. 

HHTeHCHBHbie BCnbllUKH CHJIHHJI HaCTO COnpOBOXCflaiOTCJI 3ByxaMH, HanOMH- 
HaiOIl^HMH HiyM, TpeCK. nOJIJIpHbie CHJIHHJI BbI3bIBaiOT CHJIbHbie HSMCHCHHJI B 
HOHOC4)epe, HTO B CBOIO OHepeflb BJTHJier Ha yCJIOBHJI paflH0CBJI3H. B 6oJIbIHHHCT- 
Be cjiynaeB pa^nocBJttb 3HaMHTejibHO yxy^inaeTCJi. Bo3HHKaiOT CHJIbHbie noMexn, 
a HHor^a nojiHaJi noTepji npneMa. 

Kuk eojHUKakim nojinpubie cum huh. 3eMJUi npe^cTaBJnieT co6oh orpoMHbiH 
MarHHT, kmkhwh nojuoc KOTOporo HaxoflHTCJi b6jih3h ceBepHoro reorpa(J)H nee ko- 
to nojnoca, a ceBepHbin - b6ji»3h iomchoto. CHjioBbie jihhhh MarHHTHoro nojni 
3eMJiH, Ha3bmaeMbie reoMarHHTHbiMH jihhhjimh, bmxoajit H3 o6jiacTH, npnjie- 
raiomeH k ceBepHOMy MarHHTHOMy nojnocy 3eMjw, oxBaTbi bbjot 3cmhoh map h 
bxoajit b Hero b o6jiacTH kmkhoto MarHHTHoro nojnoca, o6pa3yH TopoHjjajibHyio 
peuieTKy BOKpyr 3cmjih. 

Jlojiro cHHTanocb, hto pacnojioweHHe MarHHTHbix chjiobwx jihhhh chmmct- 

pHHHO OTHOCHTeJIbHO 3CMHOH OCH. Tenepb BblJICHHJIOCb, HTO TaK Ha3bIBaeMbIH 
«C0JiHenHbiH BeTep» - noTOK npoTOHoa h BJieicrpoHOB, H3JiynaeMbix Cojihucm, 
HajieTaji Ha reoMarHHTHyio o6ojioHicy 3cmjih c BbicoTbi okojio 20000 km, ornirH- 
BaeT ee Ha 3 a. 11 , b cTopoHy ot CojiHua, o6pa3yji y 3eMJiH CBoeo6pa3HbiH MarHHT- 
HblH «XBOCT». 

3jieKTpoH hjih npoTOH, nonaBinwe b MarHHTHoe nojie 3cmjih, jjBH>KyTCJi no 
cnnpajiH, xax 6bi HaBHBaacb Ha reoMarHHTHyio jihhhio. 3jieKrpoHw h npoTOHbi, 
nonaBuiwe H3 cojihchhoto BeTpa b MarHHTHoe nojie 3cmjih, paa^ejiflioTca Ha aBe 
nacTH. MacTb H3 hhx B^ojib MarHHTHbix chjiobwx jihhhh cpa3y cTexaeT b nojuip- 
Hbie o6jiacTH 3cmjih; ^pyrne nona^aioT Bnyrpb Tepon.ua h /jBHXcyrcx BHyTpH 
Hero, B^OJIb 3aMKHyTOH KpHBOH ABC. 3th npOTOHbl H 3JieKTpOHbI B KOHUe KOH- 
UOB no reoMarHHTHbiM jihhhjim Taioxe CTexaioT b o6jiacTb hojiiocob, r^e bo3Hh- 
KaeT HX yBeJIHHeHHaJI KOHUe HTpaHHJI. npOTOHbl H 3JieKTp0HbI npOH3BO^BT HOHH- 
3auHK> h B036yiicaeHHe aTOMOB h MOJiexyji ra3os. JSjm 3Toro ohh hmciot AOCTa- 
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tohho 3HeprHH, Tax KaK npoTOHbi npHJieTaiOT Ha 3eMjno c aHeprnjiMH 10000- 
20000 aB (1 aB = 1,6* 10 ^5 k), a ajiemrpoHw c aneprHJiMH 10-20 3B. JJpa nonma- 
Uhh ace aTOMOB HyxcHo: jyiK BOAopoAa - 13,56 3B, jjjin KHCjiopOAa - 13,56 3B, 
AJ15T a30Ta- 124,47 3B, a w* B036y>KAeHHJi eme MeHbiue. 

Bo36y^KAeHHbie aTOMbi ra30B OTAaiOT o6paTHo noJiyHeHHyio 3HeprHio b bhac 
CB eTa, HanoAo6He Toro, KaK 3 to nponcxoAHT b Tpy6Kax c pa3pe>KeHHbiM ra30M 
npH nponycKaHHH nepe3 hhx tokob. 

CneKTpanbHoe HccjieAOBaHHe noKa3biBaer, hto 3ejieHoe h KpacHoe cBeneHHe 
npHHamiexcHT B036yacAeHHbiM aTOMaM KHCjiopOAa, HH^paxpacHoe h (jmcwieTo- 
Boe - HOHH30BaHHbiM MOJiexyjiaM a30Ta. HeKOTopbie jthhhh H3JiyneHHJi khcjiopo- 
Aa h a30Ta o6pa3yiOTCJi Ha bhcotc 110 km, a KpacHoe CBeneHHe KHCjiopOAa - Ha 
BbicoTe 200-400 km. /JpyrHM cjia6biM hctohhhkom KpacHoro ceeTa JiBjmioTCfl 
aTOMbi BOAopoAa, o6pa30BaBuiHecJi b BepxHHx cjiojix aTMoctjiepbi H3 npOTOHOB, 
npHJieTeBiiiHx c CojiHua. 3axBaTHB ajieicTpoH, Taxon npoTOH npeBpamaeTCJi b 
B 036y)KAeHHbIH aTOM BOAOpOAa H H3JiyHaeT KpaCHblH CBeT, 

BcnbiuiKH chjihhh npOHCxoA«T o6mhho Hepe3 AeHb-Aea nocjie BcnbiuieK Ha 
CojiHue. 3to noATBep^KAaeT cBji3b MexcAy 3thmh jibjichhjimh. HccjieAOBaHHe npH 
noMomH paxeT noxa3ajio, hto b MecTax 6ojibiueH hhtchchbhocth chjihhh HMeeT- 
ca 6ojiee 3HaHHTeJibHaJi HOHH3auHJi ra30B ajiexTpoHaMH. 

B nocjreAHee BpeMji yneHbie ycTaHOBHJiH, hto nojuipHbie chjihh« 6ojiee hh- 
TeHCHBHbi y 6eperoB oxeaHOB h Mopen. 

Ho HaynHoe o6bJicHeHHe Bcex jibjtchhh, CBJi3aHHbTx c nojuipHbiMH chjihhjimh, 
BCTpenaeT pjiA TpyAHOCTeii. HanpHMep, Hen3BecTeH tohho MexaHH3M ycKopeHHB 
nacTHu ao yKa3aHHbix aHeprHH, He BnojiHe jichm hx TpaeicropHH b oxoji03eMHOM 
npocipancTBe, He Bee cxoahtcs KOJiHHecTBeHHo b 3HepreTHHecKOM OanaHce ho- 
HH3aUHH H B036y>KAeHHJI HaCTHU, He BnOJTHe JICeH MexaHH3M 06pa30BaHHJI CBe- 
HeHHJl pa3J!HHHb!X BHAOB, HCJICHO npOHCXO)KACHHe 3ByKOB. 


ypoK 8. Peuiemie 3 aaan. Cmia Jlopemia 

IJejib: OTpa6oTKa npaKTHHecKHx HaBbiKOB npH pemeHHH 3aAan. 

Xoa ypoKa 

L OpraHH3fll|HOHHbIH MOMeHT 

II. AKTyajiH 3 auHsi iiiaimii 

1 . AHaAH3 3KcnepnMeHTa. 

- 06bJicHHTe 3KcnepHMeHT. AjnoMHHHeByio JiHHefiicy npoTJirHBaioT 
HaA KepaMHHeCKHMH MarHHTaMH MOKAy AByMH CKOlUeHHbIMH KOH- 
uaMH npoBOAOB, noAKJHOHeHHbix k raAbBaHOMeTpy. FaubBanoMeTp 
noKa3biBaeT tok. rioneMy? (BMecme c jiuneuKou nepeMeufatomcx 
ceo6odhbie 3apndbi (ajieKmpoHbi). Ha hux deucmeyem ciuia JJopeH - 
tja t cMeiyax ux k odnou KpoMKe . TeM caMbm Meoicdy kpomkomu 
C03daemcH u noddepjtcueaemcx pc&nocmb nomeni^uanoe J 
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2 . rioBTopeHHe. 

- Kaicyio CHJiy na3biBaiOT chjioh Jlopemja? 

- Kax ABHacerca 3apa>xeHHaA nacTHija b cahopoahom MaruHTHOM 
noae b cnynae, xorAa HanpaBjieHHe cxopocTH nepneHAHxyAapHo 
ManiHTHOH HHAyKUHH? He nepneHAHKyjiapno? 

- rioneMy cHJia JIopeHija He MeHaeT MOAyJis cxopocTH 3apa>xeHHOH 
HaCTHAbI? 


III. Pewemie lanan 

1. npoHAx ycxopaiomyio pa3H0CTb noTeHUHajioB U= 3,52 kB, ajiex- 
TpoH BbmeTaeT b OAHopoAHoe MarHHTHoe noAe c HHAyxuneH B = 0,01 Ta 
nepneHAHKyaapHO ahhham HHAyxnHH h abhacctch no oxpy>KHOCTH pa- 
Anyca R — 2 cm. BbinncAHTe oTHomeHHe BeAHHHHbi 3apHAa 3AexTpoHa Q 
k ero Macce m. ( Omeem : 1,76* 10 n Ka/xt.) 

2. 3apa>xeHHaa nacTHija abhacctca b oahopoahom MarHHTHOM noae 
no oxpy>XHOCTH co cxopocTbio o = 1 0 6 m/c. IlHAyxuHfl MarHHTHoro nona 
B - 0,312 Ta. PaAHyc R = 4 cm oxpyacHocTH. HanAHTe 3apaA q nacranbi, 
ecAH xHHeTHHecxaa aHeprna U = 2T0 -15 J]?k. {Omeem: ±3,2T0 -19 Ka.) 

3. B HexoTopofi o6AacTH npocTpaHCTBa co3AaHbi oAHopoAHbie nocTO- 
AHHbie nona: MarHHTHoe B — 0,3 Ta h snexTpHHecxoe E = 300 xB/m. 
riepneHAHKyAapHo o6ohm noAAM no npaMOH ABHacexca npoTOH. HaiiAH- 
Te BeAHHHHy o cxopocTH ABH>xeHHa npoTOHa. {Omeem: 10 6 m/c.) 

4. BexTopw E h B oahopoahsix 3AexrpHHecxoro h MarHHTHoro no- 
Aew opHeHTHpoBanbi B3anMHo nepneHAHxyAapHo. HanpaacenHocTb 3Aex- 
TpHnecxoro noaa E = 1 xB/m, a HHAyKHHa MarHHTHoro nona B = 1 mTa. 
HaHAHxe BeAHHHHy h yxaacHTe HanpaBAeiwe cxopocTH u 3AexTpoHa, 
npH xotopom ero ABHaceHna b 3thx noAax 6yAeT npaMOAHiieHHbiM. {Om- 
eem: 10 6 m/c.) 

5. 3AexTpon, BAeTaiomHH b BaxyyMe b OAHopoAHoe MarHHTHoe none 
Hanpa>xeHHocTbH> H — 32 xA/m nepneHAnxynapHO x HanpaBJieHHio Mar- 
HHTHoro nona, ABHAcerca b hcm no oxpyacHOcTH paAHycoM R = 2 cm. Han- 
th pa3H0CTb noTeHunanoB U, , xoTopyio npomen snexipoH nepeA TeM, xax 


BAererb b MarHHTHoe none. {Omeem: m 3 - 9,1 TO' 31 xr, / = 1,6 • 10“ 19 km.) 

6. ripoTOH BAeTaer b oGnacTb OAHopoAHoro MarHHTHoro nona uinpH- 

hoh /, HHAyxuna noaa paBHa B . CxopocTb npoTOHa nepneHAnxynapHa B 
h rpaHHue o6Aacm IIoa xaxHM yrnoM x nepBOHananbHOMy HanpaBne- 


hhio ABHjxeHHa BbiAeTaeT npOTOH? {Omeem: a = arcsin 


lq p B 


mpv 

7. SAexipoH, npomeAuiHH ycxopaiomyio pa3HocTb noTeHunaAOB 
U= 10 kB, BAeTaer b BaxyyMe b OAHopoAHoe MarHHTHoe none HanpaaceH- 
HOCTbio H = 79,6 xA/m noA yrAOM a = 53° x HanpaBAeHHio ahhhh Mar- 
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HHTHoro nojifl. Onpe^ejiHTt paAnyc h mar cnnpajiH, no xoTOpofi ojieicrpOH 
6yneT jjBHraTtcfl b MaranTHOM none. ( Omeem : R = 2,7 mm, h = 12,7 mm.) 

IV. IIoaBeaeHHe HToroB ypoKa 

^OMauiHee 3aAamie 
n. 6; 

P - 841; P - 842. 

YpoK 9. MarHHTHoe nojie BemecTBa. 

MarHHTHoe nojie 3eMjiH 

Ifejib: o6i>ncHHTt cymecTBOBaHne MarHHTHBix cbohctb BemecTBa. 

Xo n ypoKa 

L OpraHH3ai|H0HHbiH momcht 

II. AKTyaJlH3ai|Hfl 3HaHHH 

- KaKne BemecTBa Ha3tiBaiOT snexTpojiHTaMH? 

- KaKne nacTHUti jibjthiotcji hochtcjuimh TOKa b 3JieKrpoJiHTax? 

- Hto Taxoe 3jieKTpojiHTnnecKan AHccoimauHH? 

- Hto Taxoe 3jiexTponH3? Tne ero npHMemnoT? 

- B neM 3aiaiiOHaeTCfl 3axoH Oapanea Jinx 3JiexTpoiiH3a? 

III. AHaJlH3 3KCnepHM6HTOB 
3KcnepuMeHm 1 

B npo6npKy c boaoh jxo noimoro Hcne3HOBeHHJi ee npo3paHHOcra no- 
6aBJWK>T nepHyio TyuiB. 3aTeM b Hee noMemaiOT nsa amoMHHHeBBix onex- 
Tpona, pacnojio)KeHHBix Ha paccTOAHnn 3^1 mm npyr ot Apyra. IIonaiOT 
HanpjoiceHHe 15-20 B Ha 3JiexTpoABi. npH nponycxaHHW Toxa nacTHUBi 
rymn cjinnaioTcn h BcnjitmaioT Ha noBepxHOCTB boabi. )Khaxoctb b npo- 
6npxe npnoOpeTaeT np03panH0CTB. (IJpiwep, npuMenenuH snetonpimecKo- 
20 moKa e DiCudKocmu dim ohucyyiku om e3eeuieHHbix 3a2pR3Henuu .) 

3KcnepuMeHtn 2 

B 6 ojibiiioh xaTymxe noABecHM Ha tohxhx npOBOAax BTOpyio He- 
OojiBmyio xaTymxy. nonxjnoHHM xaTymxn x HCTOHHnxy Toxa. Ha6mo- 
AaeTcn OTKJiOHeHHe xaTymxn ot BepTnxajiBHoro nonojxeHHH. Ecjih b 
6onBuiyio xaTymxy bhccth 5xene3HBiH cepnenHnx, to OTKJioHeHHe Ma- 
neHBxoH xaTymxn cymecTBeHHO H3MeHHTC5i. 

BemecTBa, xoTOpBie 3HanHTejiBHO ycnnnBaiOT MarHHTHoe none, Ha- 
3BmaiOT <J>eppoMarHeTHxaMH. 

OH3HHecxan BejiHHHHa, noxa3Bmaiomaa bo cxojibxo pa3 HHAyxnnn B 
MarHHTHoro nona b BemecTBe, nojiHOCTBio 3anojiH$nomeM none, OTJiHna- 
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eTcs no Mo^yjno or HHjjyKHHH B 0 MarHHTHoro nojw b BaxyyMe, Ha3tiBa- 
erca MarHHTHOH npoHHuaeMocTbio: 


B 



Y (JjeppOMaineTHKOB 3 HaHeime ManurmoH npoH h uaeMocm aocTHra- 
er HecKojibKHx coTeH h aaace thcjih e/mumr 

3KcnepuMettm 3 

rioBTOpHM npeAHziyiUHH 3KcnepHMeuT. Tojibko bmccto xcene3Horo 
CTepnow BBeaeM B KaTyiuicy cTepxam H3 mcjoh (ajnoMHHus, creiuia). B 
3 tom CJiynae cymecTBennhix htmciichhh b onaioneiiHH MajiemacoH ica- 
TyiHKH 3aMexHTb He yflacrcji- 

no xapaicrepy npoeoAHMUx h 3 mchchhh Buemucrx) iiojih iieiJ)Cppo- 
MarHHTHue Bemecrea Aejurrcji Ha napaMaineTHKH h AnaMameTHKH. 

I IapaManuri HKaMH najwBaioT eemecTBa, Koropue cjia 6 o HaManmHH- 
BaiOTCB b HanpasjieHHH BHenmero non*. Manwrna* npoiiHuaeMocn> hx 
M ajia (y CMeraHU - 1 , 0034 ). 

OeppoMameTHKaMH HaujBaKrr Bemecrea, Koropue cjiaGo naManiH- 
MHBaiOTCH B HaiipaBJlCHHH, npOTHBOnOJIOXHOM HHayKUHH HaMarHHHlI- 
Bajomero iiojis, to ecn> ocjia 6 junomHMH Buentnee Manumfoe none. 

B BemecTBe MarmrrHoe none co^aaeTca He tojibko tok 3 mh, Koropue 
Texyr no npoeoAaM, ho h abh^cchhamh 3 jieicrpOHOB, Koropue npowcxo- 
A 5 *t BHyipH arroMOB h MOJiexyji caMoro Bemecrea. 3 th abhxcchhx 3 KBH- 
BaJieHTbl MHKpOCKOnHMCCKHM TOK 3 M (MoneKyjiapHue tokh). 

B OTcyrcTBHH BHenmero nojia MOJieicyjuipHue tokh opHemripOBaHU 
6 ecnop>moHHO, h hx Marmnnue no jm CKOMneHCHposaHU. npH najioxce- 
hhh BHenmero itojw KOMneiicaims Hapymaerca h, icax npHmrro roBO- 
pHTb, - rejio HaMarHHHHBaercs. 

IV. 3aicpciuiCHHC Hiyneinioro MarepHajia 

- Kaxne eemecTBa HasusaioT <J>eppoMaraeTH kbm h? 

Hto raxoe TeMnepaTypa Kiopw? 

- KaKHMH MaTHHTHUMH CBOHCTBOMH o 6 jiaAAK>T AHaMaTH€THKH H 

napaMarneTHKH? 

- CymecTByer jih ocrarroHiiaa iiaManimiciinocrh y napaMameTHKOB? 

V. noABeaeHHe htofob ypoica 

^OMamnee 34 aaHHe 

n. 7; 

P- 843 . 

TeopuecKoe 3 adamte : IIpeAJioxcHTe cnoco 6 HaxoxmcHHJi TeMnepaiy- 
pu KiopH. OnpeAennre ee h ceepKie cboh peryjibraT c ra 6 jiHHHWMH 

A 3 HHUMH. 
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^onojiHHTejibHbiii MaTepnaji 
XapaKTepHCTHKa MarHHTHoro nojisi 3eMJiH 

3eMjia b uejioM npe^cTaBjuieT co6oh orpoMtfbin mapoBOH MamnT. HenoBene- 
ctbo Hanaro Hcnojib30BaTb MarHHTHoe none 3eMjin AaBHo. Ywe b Hanajie XII- 
XIII bb. nojiynaeT lBHpOKoe pacnpocTpaHeHHe b MopexoACTBe KOMnac. OAHaxo b 
Te BpeMeHa cMHTanocb, hto CTpejiKy KOMnaca opHeHTHpyeT nonapHan 3Be3.ua h 
ee MarHeTH3M. npeunono^KCHHe o cymecTBOBaHHH MarHHTHoro nonn 3cmjih 
BnepBbie Bbicxa 3 an b 1600 r. aHrnHHCXHH ecTecTBOHcnbiTaTenb rmib 6 epT. 

B uio6oh TOHKe npocTpaHCTBa, oxpyxcaiomero 3eMnio, h Ha ee noBepxHOCTH 
o6Hapy^KHBaeTc« ueficTBue MarHHTHbix cha. Hhmmh cnoBaMH, b npocTpaHCTBe, 
OKpy>xaK)meM 3 cmjik>, co3AaeTcn MarHHTHoe none, cnnOBbie jihhhh KOTOporo 
H3o6pa5KeHbi wa pwc. 9. 

MarHHTHbie h reorpa^HnecxHe nonioca 3 cmjih He 
coBnauatoT Apyr c upyroM. CeBepHbiH MarHHTHbiH no- 
jhoc N JiexcwT b po>khom nonymapHH, b6jih3h 6eperoB 
AHTapKTHUbI, a K)>KHbIH MarHHTHbiH nOAlOC S HaXOAHTCB 
b CeBepHOM nonymapHH, b6ah3h ceBepHoro 6epera 
ocTpoBa Bhktopha (KaHaAa). 06a nonioca HenpepbiBHo 
nepeMemaiOTCfl (upen^yKyr) Ha 3 Cmhoh noBepxHOCTH co 
CKOpocTbio okojio 5 km 3a rou H3-3a nepeMeHHocTH no- 
poxcuaiomHx MarHHTHoe none npoueccoB. KpOMe Toro, 
ocb MarHHTHoro nonn He npoxoAHT nepe3 iiemp 3 cmah, 
a oTCTaer ot Hero Ha 430 km. MarHHTHoe none 3 eMnn He cHMMerrpHHHO. Enarouapn 
TOMy, hto ocb MarHHTHoro non« npoxoAHT Bcero nou yrnoM b 11,5 rpanycoB k och 
BpameHHn nnaHeTbi, Mbi mo>kcm nonb30BaTbcn KOMnacoM. 

OcHOBHan nacTb MarHHTHoro nonn 3eMnH, no coBpeMeHHbiM B033peHH«M, 
HMeeT BHyTpH3eMHoe nponcxoacAeHHe. MarHHTHoe none 3eMnH co3AaeTcn ee 
hapom. BHeiHHee napo 3eMnn jkhaxoc h MeTannHHecxoe. MeTann - npoBounmee 
tok BemecTBO, h ecnH 6bi cymecTBOBann b >khaxom n^pe nocTOflHHbie tchchha, 
to cooTBeTCTByiomHH anexTpHHecxHH tok co3uaBan 6bi MarHHTHoe none. Enaro- 
A apn BpameHHio 3eMnw, Taxne tchchha b «Ape cymccTByioT, Tax Kax 3eMnn b 
neKOTopoM npn6nH)xeHHH nBnneTcn MarHHTHbiM AHnoneM, to ecTb CBoeo6pa3- 
HblM MarHHTOM C AByMfl nOUIOCaMH: KWKHblM H CeBepHbIM. 

He3HaHHTenbHan nacTb MarHHTHoro nonn (oxono 1 %) HMeeT BHe3eMnoe 
npoHCxo)KueHHe. Bo3HHKHOBeHHe 3toh nacTH npHnncbiBaioT anexTpHHecxHM 
TOKaM, TexymHM b npoBoufliUHX cnonx HOHoc(J>epbi h noBepxHOCTH 3eMnn. 3Ta 
nacTb MarHHTHoro non* 3eMnn noABepweHa cna6oMy H3MeHeHHio co BpeMeHeM, 
KOTOpoe Ha3biBaeTcn bckoboh BapnariHeH. FIpHHHHbi cymecTBOBaHHJi anexTpHHe- 
CKHX TOKOB B BCKOBOH BapnaUHH HeH3BeCTHbI. 

B HAeanbHOM h rnnOTeTHHecxoM npeAnono>xeHHH, b kotopom 3eMnn 6bina 6bi 
ouHHOxa b xocMHHecxoM npocTpaHCTBe, cnnoBbie nHHHH MarHHTHoro nona nnaHe- 
Tbi pacnonaranncb TaxHM >xe o6pa30M, xax h cnnOBbie nHHHH o6bi4Horo MarHHTa,j 
to ecTb b BH^e CHMMeTpHHHbix Ayr, npoTflHyBWHxcH ot KWKHoro nonioca k ceBep-/ 
HOMy. rinoTHocTb ahhhh (Hanps^xeHHocTb MarHHTHoro nonn) naAana 6bi c yAane-' 
HHeM ot nnaHeTbi. Ha Aene, MarHHTHoe none 3eMnn HaxoAHTcn bo B3aHM0AencT- 
BHH C MarHHTHblMH nOABMH COAHUa, nnaHCT H nOTOKOB 3apfl)KeHHbIX HaCTHU, HC- 
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nycicaeMbix b h3o6hahh Coahhcm. Ecjih bahahhcm caMoro CoAHua h tcm 6o.nee 
nuaHeT H3-3a yaaAeHHOcTH moxcho npeHe6pem>, to c noTOKaMH nacTHU, HHane - 
coJiHeHHbiM BeTpOM, Tax He nocTynHuib. CoAHeHHbin BeTep npeACTaBAJieT co6oh 
noTOKH MwamHxca co CKOpocTbK) okojio 500 km/c HacTHu, HcnycxaeMbix cojiHen- 
hoh aTMOcct)epOH. B MOMeHTbi co/iHenHbix BcnbimeK, a Taioxe b nepHoaw o6pa30- 
BaHHH Ha ConHue rpynnbi OoAbuinx njrreH, pe3Ko B 03 pacTaeT hhcjio CBo6oAHbix 
ajieKTpoHOB, KOTOpbie 6oM6apAHpyK)T aTMoc())epy 3eMJin. 3to npHBOAHT k B03My- 
meHHio tokob TexymHx b HOHOctJjepe 3eMJiH h, 6aaro^apfl 3TOMy, nponcxoAHT 
H3MeHeHHe MamHTHoro noAfl 3cmjih. Bo3HHicaiOT MarHHTHbie 6ypn. Tanne noTOKH 
nopOK^aioT cHjibHoe MarHHTHoe nojre, KOTopoe h B3anMOACHCTByer c nojieM 3eM- 
jih, CHjibHO ae^opMHpya ero. Bjiaro^aps CBoeMy MarHHTHOMy nojno, 3cmaji y^ep- 
>KHBaeT b rax Ha3biBaeMbix panHauHOHHbix noacax 3axBaneHHbie nacTHUbi coahch- 
Horo Bexpa, He no3BOJi«a hm npoxoAHTb b aTM0C(j)epy 3cmah h tcm 6ojiee k no- 
BepxHocTH. HacTHUbi cojiHeHHoro BeTpa Ohjih 6bi OHeHb BpeAHbi aah Bcero jkhbo- 
ro. ripH B3aHMO^eHCTBHH ynoMHHaBiuHXCB nojieR o6pa3yeTCB rpaHHija, no OAHy 
CTopoHy KOTopoH HaxoAHTCfl B03MymeHHoe (no^Bepruieecfl H3MeHeHH«M H3-3a 
BHeuiHHX bjihbhhh) MarHHTHoe none nacTHu cojiHeHHoro BeTpa, no Apyryio - B03- 
MymeHHoe none 3cmah. 3Ty rpaHHuy ctoht paccMaTpHBaTb xax npe^ea okoao3cm- 
Horo npocTpaHCTBa, rpaHHqy MarHHTOC<()epbi h aTMOC(j)epbi. BHe 3TOH rpaHHUbi 
npeoQjia^aeT bjthbhhc BHeuiHHX MarHHTHbix nojieH. B HanpaBjienHH k CojiHuy 
MarHHTOcc))epa 3cmah crimocHyTa noA HaTHCKOM cojiHeHHoro BeTpa h npocTnpaer- 
cb Bcero ao 10 paAHycoB njiaHeTbi. B npoTHBonoAoa<HOM HanpaBJieHHH HMeeT 
MecTO BbiTB HyTOCTb ao 1000 paAHycoB 3 cmah. 

OcHOBHaa nacTb MarHHTHoro noA« 3 cmah o6HapyxcnBaeT aHOMaAHH b pa3- 
AHHHblX paHOHaX 3eMHOH nOBepXHOCTH. 3th aHOMaAHH, nO-BHAHMOMy, CAeAyeT 
npnnHcaTb npncyTCTBHio b 3cmhoh xope (j>eppoMarHHTHbix Macc hah pa3AHWHio 
MarHHTHbix CBOHCTB TOpHblX nOpOA- Il03T0My H3yneHHe MarHHTHbix aHOMOAHH 
HMeeT npaicrHHecKoe 3HaneHHe npn iiccAeAOBaHHH nOAe3Hbix ncxonaeMbix. 

CyiuecTBOBaHne MarHHTHoro nonn b ak>6oh tomkc 3cmah mojkho ycTaHOBHTb 
C nOMOmbK) MarHHTHOH CTpeAKH, 


ypOK 10. KoHTpojibHafl paOoTa. 
3jieKTpHHecicMH 3apaix h 3JieKTpoMarHHTHoe nojie 

Ifenb: npOBepKa 3H3 hhh h yMeHHH ynamaxca no H3yneHHOH xeMe. 

Xoa ypoKa 

I. OpramnamiOHHbiH momcht 

II. IIpOBeAeHHe KOHTpOJIbHOH paooTbi 

I eapuanm 

1. 3apa>KeHHaH qacTwua Maccoft 2 * 1 0“ 9 r naxoAHTCH b paBHOBectm b 
oahopoahom 3AeKTpHHecK0M nojie Hanp^oKeHHOCTbK) 410 5 H/Kji. HeMy 
paBeH 3ap«A nacTHijbi? ( Omeem : 5*10~ 17 Kjl) 
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2. 3jieKxpoH co cKopocTbio 5-10 7 m/c aneraer b o/mopoAHoe MarHHT- 
Hoe none nony yrnoM 30° k jihhimm MarmnnoH nnnyKH.HH. Haiinirre ch- 
jiy, nencTByioinyio Ha ameKrpoH, ccjih HHnyKHHn MarHumoro nona 0,8 Tn. 
(Omeem: 3 I0 ,J H.) 

3. ifjipo aroMa renin, HMeiomee Maccy 6,7- KT 27 kt h 3 ap*n 3,2- KT 19 Kji, 
BJiexaeT b o;uiopo;u*oe MarHHTHoe none h nanHHaeT /tBHrarbcn no oec- 
pyncnocTH panwycoM 1 m. Hhzjykhhji MarHHTHoro nojin panna 10 1 Tn. 
PaccHHTairre CKopocrb 3toh HacraiOJ. ( Omeem : 4,8- 10 5 m/c.) 

4. 3neicrpoH, nonanaa b onHoponnoc aneicrpHqecKoe none, ABHacerca no 
HanpaBnemno chjiobwx jihhhh. Paccwraihe, nepe3 kbkoh npOMeacyroK 
BpeMenn CKOpocn. anenpoHa craner paenoH nymo, com HanpanoeHHocTL 
nojia paBHa 100 H/Kn, a nananBHan CKopocrb anempoHa paBHa 210 6 m/c. 
(Omeem: l,l-10r 7 c.) 

5. B nnocKHH KOHAencarop napannentHO ero nnacirmaM co CKOpo- 
cn»K) 3-10 7 m/c aneraer aneicrpOH. Tlpn aunere m KOHnencaxopa oh 
CM emaercn k oahoh H3 nnacnm Ha 8,76-10 3 m. Jlnuua. KancnoH iuiacrn- 
hu KonneHcaropa paBHa 3 cm, paccroaHHe Meacny hhmh paBHo 2 cm. 
HanpaxeHHOCTb aneKrpHHecKoro nona paBHa 210 4 H/Kji. Onpenenwre 
omouieHHe 3apnna aneinpoHa h ero Maccy. (Omeem: l,810 u Kn/icr.) 

6. riMJiHHica, 3apnn Koropon paseH 10 mk Kji, a Macca paBHa l Mr, 
aneraeT b onHopo/jHoe MarHHTHoe none h ABJracerca no oicpyamocTH. 
HHnyKHHJi MarHHTHoro nona paBHa 1 Tn. Ckobmco o6oporoB cnenaer 
nunmnca 3a 3,14 c? (Omeem: 5.) 

// eapuaum 

1. Kakoh AOJDKHa 6 ijti> HanpanceHHOcn, oAHopoAHoro aneicrpHqecKO- 
ro nona, hto6u naxonnupmca b none noKoanutiica aneicrpoH nonyHHn 
ycicopeHne 2-10 12 m/c 2 ? (Omeem: 1 1,4 H/Kn.) 

2. B onHoponHoe MarHHTHoe none aneraer aneicrpOH co cKopocrbio 

4.6- 10 6 m/c, HanpaaneHHOH nepneHAHicyjinpHO jimhimm ManiHTHOH HHnyK- 
HHH. HnnyKUHa MarHHTHoro nona paBHa 8,5- 10 3 Tn. PaccnwraiiTe cnny, 
neHCTByiomyio HaaneinpoH b MamamoM none. (Omeem: 6,3- 10 -15 H.) 

3. Me*ny A»yMa napannem>HUMH nnacTHHaMH, BepTHKanano pacno- 
jioaceHHUMH, noABemeH inapHK waccon 0,1 r. nnacnmu 3apaaceHbi, h 
npH HanpanceHHOCTH 45,000 H/Kn mapmc oncnonaerca or sepmiicanH Ha 
yran, paBHWH 10°. Haivorre japan maprnca. (Omeem: 410 -9 Kji.) 

4. nporroH BJieraeT b oniioponnoe MarHHTHoe none, lmnyKmw koto- 
poro paBHa 3,4* 10 -2 Tn, nepneHAHicynnpHO jihhhmm MannrniOH nnayK- 
Hhh co CKopocTbio 3,5- 10 5 m/c. OiipenejTHre pajmyc kphbhjhu Tpaeicro- 
pHH aneinpoHa. Macca nporoHa 8,67- 10 -27 kt, 3ap an npoTOHa paBeH 

1.6- 10~ l9 Kn. (Omeem: 10 m.) f 

5. B onnopojiiioM 3JieicipHHCCKOM nojie c nanpaaceiiHOCTbio 3-10 6 H/kt, 
jihhhh HaiipaaceHHOCTH cocraBjiaioT c Bepnncajitio yron 30°, Ha hhth 
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bhcht iuapHK MaccoH 2 r. 3ap 5W ero paBeH 3,3 mKji. Hairm cnjiy HaTa- 
)KeHH3 HHTH, eCJIH! 

1) jihhhh Hanp^eHHocTH HanpaBJieHbi BBepx; 

2) jihhhh HanpaiKeHHOCTH HanpaBJieHbi bhh3. 

( Omeem. : 1,2-10 2 H/Ku, 2,9 10“ 2 II/Ku.) 

6. XtBa 3JieKTpOHa ^BH>KyTCJI no OKpy)KHOCTH B OjJHOpOAHOM MarHHT- 
hom noJie b njiocKocTH, nepneHAHKyji^pHon jihhham HHflyKijHH nojw. 
HaaaHTe OTnomeHne nepno,aoB o6pameHHH 3jieKTpOHOB, ecjiH KHHeTHne- 
cxa# 3Heprnji nepBoro b 4 pa3a 6ojibiue KHHeTHnecKOH 3HeprHH BToporo. 
{Omeem: 1:1.) 

YHeHHK Mo>KeT Bbi6paTb jno6bie 3a^aHn: 

1, 2} oifemca «3»; 

1 2,3/ 

> ouenm «4»; 

12,4/ 

3 , 4,51 

> ouemca «5». 

3,4,6] 

Bo 3 M 03 KHbi n Apyrne BapnaHTbi Ha ycMOTpeHHe yHHTejia. 

IIL no^Be^eHHe htopob ypoica 

^oiviauiHee 3a;iaHHe 

3anana Ns 250. 


r/iasa 2 . 3 /ieKTpoMarHMTHafl mhayklimsi 

YpOK 11. HH^yKUHSI 3JieKTpHHCCKOro IlOJIH. 

IIpaBHJio JleHua 

Ifejib: 03 HaK 0 MHTb ynamnxcfl c HBjieHneM 3 JieKTpoMarHHTHOH hh- 
^yKUHH. 


X<w ypoKa 

I. OpraHH 3 aUH 0 HHI>IH MOMeHT 

II. AKTyaJIH3ai|Hfl 3H3HHH 

1 . OpoHrajibHbiH onpoc. 

- B neM 3aKjnoHaeTC» rnnoTe3a Awnepa? 

- Mto TaKoe MarHHTHaa npoHHnaeMocTb? 

- Kaxwe BemecTBa Ha 3 biBaioT napa- h /WMarHetHKaMH? 
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- Hto TaKoe (jjeppoMaraeTHKH? 

- Hto xaKoe <})eppHTbi? 

- r/lG npHMeHflJOTCfl (j)eppHTbI? 

- Orcyna H3BecTHO, hto BOKpyr 3eMJiH cymecTByeT MarHHTHoe nojie? 

- T^e HaxoAHTCn CeBepHbiH h KbKHbiH MarHHTHbie nonioca 3cmjih? 

- KaKHe npoueccbi npoHcxoflflT b MarHHTOC<})epe 3eMjiH? 

- KaxoBa npHHHHa cymecTBOBaHHa MarHHTHoro nojia y 3 cmjih? 

2. AHaJin3 3KcnepHMeHTOB. 

3KcnepuMenm 1 

MarHHTHyw CTpeJixy na noflCTaBKe no^Hecjiw k HHxmeMy, a 3aTeM k 
B epxHeMy KOHuy urraTHBa. FtoneMy cTpemca noBopaHHBaeTca k HHJKHeMy 
KOHUy UiTaTHBa C JIIO 60 H CTOpOHbl K))KHbIM nOJUOCOM, a K BepxHeMy 
KOHuy - ceBepubiM kohuom? (Bee 0fcene3Hbie npedMemu Hoxodamcn e 
MaenumnoM none 3ejmu . II od deucmeueM omoeo now ohu homcibhuhu- 
ectjomca, npmeM huo*chhh nacmb npedMema odnapyotcueaem ceeepnbiu 
Maemanubiu nonioc, a eepxHHH - lootchbiu.) 

3KcnepuMenm 2 

B 6ojibuioH KopKOBofi npo6ice cjjenaHTe HeSojibiuofi xceno6oK fljia 
Kycxa npOBOJiOKH. npoSicy onycTHTe b Bony, a CBepxy nonoxwTe npoBO- 
noxy, pacnojiaraa ee no napajuiejiH. npH 3 tom npoBOJiOKa BMecTe c 
npo6KOH noBopaHHBaeTca h ycTaHaBjiHBaeTca no MepnnnaHy. IIoHeMy? 
(IlpoeojioKa 6bina HOMaenuHena u ycmanaejiueaemcH e none 3eMJiu kqk 
M aenumnaR cmpejim .) 

III. H3yHeHHe Hoeoro Marepnajia 

Mexc^y ABH^cyuiHMHca ojieKTpHHecKHMH 3apJiAaMH aencTByioT Mar- 
HHTHbie CHJlbl. MarHHTHbie B3aHMOneHCTBHX OnHCblBaiOTCJI Ha OCHOBe 
npeacTaBjieHHJi o MarHHTHOM none, cymecTByiomeM BOKpyr flBHxcymnx- 
cx ojieiapHHecKHX 3apa^0B. 3jieKrpHHecKHe h MarHHTHbie nonx nopoxc- 
AaiOTCX OflHHMH H TeMH X(e HCT0HHHK3MH - OJieKTpHHeCKHMH 3apXflaMH. 
Moxcho npennonoxcHTb, hto Mexc,ziy hhmh ecTb cBX3b. 

B 1831 r. M. Oapaaien nonTBepflHn 3 tot 3KcnepHMeHTanbHO. Oh ot- 
KpblJl HBJieHHe 3JieKTpOMarHHTHOH HIUyKUHH. 

3KcnepuMenm 1 

TaJibBaHOMerp noncoenHHxeM k KaiyiiiKe, h 6yneM BbmBHraTb H3 Hee 
nocToaHHbiH MarHHT. Ha6nK>,naeM OTKJiOHeHHe cTpenxn ranbBaHOMeTpa, 
nOXBHXCX TOK (HHAyKUHOHHblH). 

Tok b npoBO^HHice B03HHKaeT, Kor^a npOBonHHK OKa3biBaeTca b 06- 
jiacTH AeiicTBHH nepeMeHHoro MarHHTHoro nonx. 

nepeMeHHoe MarHHTHoe none Oapa^eH npencTaBnxn xax n3MeHeiiHe 
HHCJia CHJIOBbIX J1HHHH, npOHH3bIBaK)lHHX nOBepXHOCTb, OrpaHHHeHHVIO 
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jjaHHHM KOHTypoM. 3 to hhcjio 3aBHCHT ot hh^kuhh B MarHHTHoro no- 
jia, ot nnoma^H KOHTypa S h ero opneHTaijHH b naHHOM none. 

<X> = BS COS Of - MarHHTHUH IIOTOK. 

<D [B6] Be6ep. 

HH^yKUHOHHUH TOK MOIKCT HMCTb pa3Hbie HanpaBJieHHfl, KOTOptie 
3aBHcaT ot toto, y6biBaeT hjih B 03pacTaeT MarHHTHbiH noTOK, npoHH3bi- 
BaionjHH KOHTyp. npaBHJio, no3BOJunomee onpeAejiHTb HanpaBjieHne 
HFmyKUHOHHoro TOKa, 6tuio cc|)opMyjiHpoBaHO b 1833 r. 3. X. JlemjeM. 

SKcnepuMeum 2 

B JierKoe ajuoMHHHeBoe KOJibno B^BHraeM nocTOHHHbiH MarHHT. Konb- 
uo OTTanK HBaeTCH ot Hero, a npH BbWBHraHHH npHTarwBaeTCK k MarHHTy. 

Pe3yjibraT He 3 Bbhcht ot nonapHOCTH MarHHTa. OrraJiKHBaHHe h npn- 
THrHBaHHe 06 bHCHfleTCfl B03HHKHOBeHHeM B HeM HimyKUHOHHOrO TOKa. 

npH B^BHraHHH MarHHTa MarHHTHbiH noTOK nepe3 KOJibno B03pacra- 
eT: orrajiKHBaHHe KOJibua npw 3 tom noKa3biBaeT, hto HitnyKUHOHHbiH 
tok b HeM HMeeT TaKoe HanpaBJieHHe, npn kotopom Beicrop HHayKUHH 
ero MarHHTHoro noun npoTHBononoaceH no HanpaBJieHHK) Beicropy hh- 
^yKUHH BHeruHero MarHHTHoro nona. 

ITpaBHjio JleHija: 

MHdyKtjuoHHbiu moK nxteem ecezda maKoe Hcmpaenenve , nmo ezo 
Maanumnoe none npemmcmeyem ntodbiM u3MeHenuxM MazHumuozo no- 
moKa, 6bi3bieaK)ufUM noxenenue UHdyKtjuoHHOzo mom. 

IV. npoaeneHMe jiafioparopHOii paGoTbi 

JIa 6 opaTopHa» paCoTa no TeMe 
«OnbiTHafl nposepKa npaBHJia JIeHua» 

TIpu 6 opbi u Mamepuajibv. MmuinaMnepMeTp, KaTytuKa-MOTOK, Mar- 
HHT nyroo6pa3HbiH, 

Xoa pa 6 oTbi 


1 . npHroTOBbTe Ta6jiHuy. 



Cnoco 6 nojiyneHHfl 
HH^yKUHOHHOrO TOKa 

i 

i 

B 


A<D m 

1 

BHecHTe b KaTyuiKy 
ceBepHbm nojnoc MarHHTa 





2 

YnajiHTe H3 KaTyniKH 
ceBepHbiii nojnoc MarHHTa 





3 

BHecHTe b KaiyiiiKy io)KHbiH 
nonioc MarHHTa 





4 

YnaJiMTe H3 KaiyiiiKH kokhmh 
nonioc MarHHTa 






2 B. A. Bojikob 
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2. IIoflKJHOHHTe KaTyuiKy-MOTOK k 3a»HMaM MHJiJiHaMnepMeTpa h 
B binojiHHTe ^eMCTBHH, yKa3aHHtie bo btopom cTOJiGue TaGjiHUbi. ripn 
BtmojiHeHHH onuTOB noJioaceHHe KaTyuiKH He MeHaeTca, a Manner ne- 
peMemaeTCH c ouhoh h toh ace ctopohw KaTyuiKH. 

3. flna Kaacaoro cnocoGa nojiyneHua HHjjy kuhohhot o TOKa onpe^e- 
jiHTe: 

1) HanpaBJieHHe HH^yKUHOHHoro TOKa; 

2) HanpaBJieHHe BeKTOpa MarHHTHoro HH^KHHOHHoro nojia HH/iyK- 
UHOHHoro TOKa B b KaTyuiKe; 

3) HanpaBJieHHe Beicropa MarHHTHOH HHj^yKOHH nojw B st b KaTyuiKe; 

4) H3MeHeHHe MarHHTHoro nojia muthutb A<J> w nepe3 KaTyuiKy. 
Bonpocbi juin 3aKpemieHHa: 

- KaK H3MeHHJiCH MarHHTHbiH noTOK uepe3 KaTyuiKy npH npnGjIH- 
)KeHHH h y^ajieHHH MarHHTa? 

- KaK HanpaBjieHbi BeKTOpbi B h B m npH b 03pacTaH hh h yGbrea- 

hhh MarHHTHoro noTOKa 0> M nepe3 KaTyuiKy? 

- KaKOH BbiBOA mo)kho c^eJiaTb H3 npoBe^eHHbix onbiTOB o Ha- 
npaBJieHHH HHuyKUHOHHoro TOKa? 

UpuMename : HanpaBJieHHe /, B , B M ycjiOBHO H3o6pa3HTb b BH^e 

ropH30HTajibHbix cTpejiOK cooTBeTCTByiomero HanpaBjieHHa, a AQ> M 
3HaKaMH «t» (B03pacTaHHe MarHHTHoro nojia) h «-» (yGbmaHHe MarHHT- 
Horo nojia). 

V. npouojiweHHe mynemfsi Ma icpiiajia 

OTKpbITHe 3JieKTpOMarHHTHOH HHjyKUHH 

CjieuyiomHM bzdkhmm uiaroM b pa3BHTHH 3JieKTpouHHaMHKH nocjie 
onbiTOB AMnepa 6 bijio OTKpbITHe aBJieHHa 3JieKTpoMarHHTHOH HHuyKUHH. 
OTKpblJI aBJieHHe 3JieiCrpOMarHHTHOH HHflyKUHH aHrJIHHCKHH (J)H3HK 
Mainer OapajieH (1791-1867). 

Oapa^en, Gyaynn eme mojioubim yneHbiM, Tax tkq xax h 3pCTe^, ,ay- 
Mau, hto Bee cHJibi npHpo^bi cBH3aHbi Meamy co 6 oh h, Gojiee Toro, hto 
ohh cnocoGHbi npeBpamaTbca .apyr b upyra. HHTepecHO, hto 3Ty mlicjib 
O apauen BbiCKa3biBan eiue ao ycTaHOBJieHHa 3aK0Ha coxpaHeHHa h npe- 
BpameHHa 3iieprHH. Oapaaen 3Haji 06 otkpbithh AMnepa, o tom, hto oh, 
roBOpa o6pa3HbiM a3biKOM, npeBpaTHji ojieicrpHHecTBO b MarHeTH3M. Pa3- 
uyMbiBaa Ha# othm oTKpwTHeM, Oapauen npumeji k mwcjih, hto ecjiu 
«3JieKTpHHeCTBO C03UaeT MarHeTH3M», TO H HaoGopOT, «MarHeTH3M UOJl- 
aceH co3uaBaTb 3jieKTpHHecTB0». H bot eme b 1823 r. oh 3anHcaji b cbo- 
eM UHeBHHKe: «06paTHTb MarHeTH3 M b 3jieKTpHHecTBo». B TeneHHe 
bocbmh JieT Oapa^efi paGoTau Ha# peiueHueM nocTaBjieHHOH 3auani^ 
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JJojiroe HpcMM ero npecne^oBajiH HeyaanH, h, HaKOHeu, b 1 83 1 r. oh pe- 

U 1 HJI ee - OTKptUI «BJieHHe 3JieKTpOMaTHHTHOH HH^yKUHH. 

Bo-nepBMx, <t>apa^eH ofinapyacnji aBJieHHe ojieicipo MarHHTHoii hh- 
nyKUHH aiw cjiynau, Koraa KaTyuiKH HaMOTaHW Ha ouhh h tot ace 6apa- 
6aH. Ecjih b ouhoh KaTyuiKe B03HHKaer hjih nponauaeT ojieicrpHHecKHH 
tok b peayjibTaTe iio^kjhohchhji k Hew hjih oTKjnoHeHHa ot Hee rajitBa- 
HHHecKOH 6arapeH, to b upyroii KaTyuiKe b 3tot momcht B 03 HHKaeT 
KpaTKOBpeMeHHUH tok. 3tot tok oOHapyacHBaeTca rajibBaHOMerpoM, 
KOTOpWH ITpHCOe^HHeH KO BTOpOH KaTyiDKe. 

3aieM Oapaaeii ycraHOBfui najiimne HWjyiGiHOHHoro toks b Karyiu- 
Ke, Kor^a k Hen npHOjinacajiH hjih yuan*™ ot Hee KaiyuiKy, b Koropon 
npoTeicaJi 3JieKTpHHecKHH tok. 

HaKOHeu, TpeTHH cjiynaH oueKTpoManiHTHOH HHuyKUHH, KOTOpwn 
o6HapyacHji Oapauew, 3aKjnoHajica b tom, hto b KaTyuiKe noaBjiauca tok, 
Kor.ua b Hee bhochjih hjih ace yuaxwjiH H3 Hee ManiHT. 

OTKphrrHe <J>apane» npHBJieicjio BHHMaHHe mhothx 4>h3hkob, koto- 
pue TaKace crajiH H3ynaTb oco6chhocth aBJieHHji 3jieicrpoMarHHTHOH 
HH^yKUHH. Ha onepeun croiuia 3aaana ycraHOBim, o6iuhh 3axoH ojiex- 
TpOMaTHHTHOH HHUyKUHH. HyaCHO 6bUIO BbWCHHTb, KaK H OT Hero 3aBH- 
CHT CHJia HH^yKUHOHHOrO TOKa B npOBOAHHKe HJIH OT Hero 3BBHCHT 3Ha- 
neHHe ojieiapoABHacymeH chjiu HuayicuHH b npOBO^HHKe, b kotopom 
HH^ yHHpyerca 3ueKrpHHecKHH tok. 

3ra 3a^ana OKa3ajiacb TpyaHOH. OHa 6 uua nojiHocn>io peuieHa <l>a- 
pajjeeM h MaKCBejuioM no3ace b paMKax pa3BHToro hmh yneHiui 06 3jiex- 
TpoManiHTHOM nojie. Ho ee nuTajmcb peuiHTb h (J>h3hkh, Koropue npn- 
AepacHBajiHCb o6uhhoh juia Toro BpeMeHH TeopHH uajibHOueficTBHJi b 
yneHHH 06 3jieKTpHHecKHX h Marainmix aBJienHflx. 

Koe-nro 3thm yneHUM yuajiocb cueuan.. npH otom hm noMorjio ot- 
KpbiToe nerep6yprcKHM aKajjeMHKOM 3MHJiueM XpucTHaHOBHHeM JleH- 
ueM (1804—1865) npaBiuio ,hji« HaxoacAemui HanpaBJienHa HHayKUHOH- 
Horo TOKa b pa3Hux cjiynaax 3JieKTpoMarHHTHOH HHjiyKHHH. JleHU 
c<J)opMyjiHpOBaji ero Tax: «Ecjih MeTami Huec khh npOBO#HHK uBHacerca 
no6jiH30CTH ot rajibBaHHHecKoro Toxa hjih ManiHTa, to b hcm B036yacua- 
erca rajibBaHinecKHH tok Taicoro iianpaiuieHHH, hto ecjiH 6u uaHHbiii 
npoBO^HHK 6bui HenoABHacHbiM, to tok mot 6u o6ycjiOBHTb ero nepe- 
MemeHne b npoTHBonojioacHyio cropOHy; npH otom npeunojiaraeTCJi, hto 
noKOfliuHHca npoBOAHHK MoaceT nepeMemaTbea tojibko b HanpaBJieHHH 
JlBHaceHHH HJIH B npOTHBOnOJIOaCHOM HanpaBJieHHH». 

3to npaBHJio oneHb yuo6HO un* onpeueueHua HanpaBjieHHa HiyjyK- 
UHOHHoro Toxa. Hm mu nojib3yeMC» h cefinac, TOJibKO oho ceiiuac <j>op- 
Myjmpyerca hcckojibko HHane, c ynoTpeOueHHeM nomroia 3JieiapoMar- 
HHTHOH HH^yKUHH, KOTOpOe JleHU He HCnOJIb30BaJl. 


2 * 
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Ho HcxopHHecKH rjiaBHoe 3HaneHMe npaBHna JleHua 3aKAK)HaAocb b 
TOM, HTO OHO HaTOJIKHyjIO Ha MbICAb, KAKHM nyxeM nOAOHTH K HaXO>KAe- 
HHK> 3aKOHa 3JieKTpOMarHHTHOH HHAyKUHH. flejIO B TOM, HTO B 3TOM npa- 
BHJie ycTaHaBjiHBaeTca cBA3b Meytvxy 3JieKTpOMarHHTHOH HHAyKUHen h 
HBJ ieHHeM B3aHMOAeHCTBHH TOKOB. BonpOC >Ke O B3aHMOAeHCTBHH TOKOB 
6 wa yace perneH AMnepoM. ItoTOMy y cTaHOBJieHHe 3 toh cbjbh Ha nep- 
Bbix nopax AaAo B03M0)KH0CTb onpeAeAHTb BbipaaceHne 3AeKTpoABn>Ky- 
mefi CHAbI HHAyKAHH B npOBOAHHKC aah paAa HaCTHbIX CAyHaCB. 

B o6meM BHAe 3aKOH 3AeKTpOMarHHTHOH HHAyKAHH, KaK MbI 06 3TOM 
CK33aAH, 6 ma ycTaHOBAeH OapaAeeM h MaKCBennoM. 

VI. rioABeAeHHe htotob ypoiea 

^oMauiHee aaAaHne 

n. 9-10. 

P-902. 


YpOK 12. 3aKOH 3JieKTpOMarHHTHOH HHAVKUHH 

LfeJlb: C<|)OpMyAHpOBaTb 3aKOH 3AeKTpOMarHHTHOH HHAyKUHH. 

Xoa ypoKa 

I. OpramnaunoHiibHi momcht 

II. IIOBTOpeHHe 

- OnHIIIHTe OnbITbl, B KOTOpbIX MOACHO HaOAIOAaTb HHAyKIJHK) TOKa. 

- KaKHM a oaacho GbiTb MarHHTHoe noAe, HTo6bi b HenoABHACHOM npo- 
BOAHHKe noaBHACA HHAyKUHOHHblH TOK? 

“ Ot Hero 3aBHCHT HHCAO CHAOBbIX AHHHH MarHHTHOrO nOAfl, npOHH- 
3bIBaK)IAHX AaHHblH KOHTyp? 

- KaK onpeAeAAioT HanpaBAeHHe HopMaAH k KOHTypy? 

- Hto TaKoe «MarHHTHbiH noTOK»? 

- B KBKHX eAHHHUaX H3MepfleTCfl MarHHTHblH nOTOK? 

- B neM 3aKAK)HaeTC« npaBHAo JleHua? 

III. nposeAeHHe AaOopaTopnoti paooTbi 

JIa6opaTopHaa pa6oTa no TeMe 

«HcCJieAOBaHHe 3ABHCHMOCTH CHAbI HHAyKUHOHHOTO TOKa 
OT CKOpOCTH H3MeneilHH MarHHTHOrO nOTOKa» 

Odopydoeanue : hctohhhk nHTaHHA, MHAAHaMnepMeTp, KaTyuiKa- 
motok, KaTyuixa c >KeAe3HbiM cep Aen hhkom ot pa36opHoro oAeKTpoMar- 
HHTa, MaTHHT AyrOo6pa3HbIH, peOCTaT nOA3yHKOBbIH, KAIOH 3aMblkaHHA 
TOKa, KOMnAeKT npOBOAOB. I 
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Xo/i pa6oTM 

1 . rio^KjiiOHHTe KaTymicy-MOTOK k 3a>KHMaM MHJiJiHaMnepMeTpa. 

2. BcxaBJiHHTe h BLiHHMaHTe ,nyroo6pa3HtiH MarHHT H3 icaTyuiKH c 
pa3JiHHHofi CKopocTbJo h £jia K£DK^oro cjiynaa 3aMenaHTe MaKCHMajibHyio 
CHJiy HH,U,yKUHOHHOrO TOKa. 

3. KaTymicy coejiHHHTe c MHjuiHaMnepMeTpoM, HaaeHbTe Ha KaTyuiKy 
c Hcejie3HbiM cep^eHHHKOM h no^KJiWHHTe nocne^HJOio nepe3 peocTaT h 
KJIKDH 3aMbIKaHH5I TOKa K HCTOHHHKy IlHTaHHB. 

4. H3MeHBHTe CHJiy TOKa b KaTyuiKe 3JieKTpoMarHHTa npH noMomn 
peocTaTa c pa3JiHUHOH cxopocTbio h jyia Karooro cjiynaa 3aMenaHTe 
MaKCHMaJIbHyK) CHJiy HHflyKUHOHHOrO TOKa. 

5. OTBeTbTe Ha Bonpocu: 

а) B KaKOM cjiynae cKOpocTb H3MeHeHHa MarHHTHoro noxoKa nepe3 
KaiyniKy, coejxHHeHHyio c MHJiJiHaMnepMerpoM, 6bijia 6ojibiue: 
npH MejbJieHHOM HJIH 6bICTpOM ABH)KeHHH MaTHHTa? npH Mea- 
JieHHOM HJIH GbICTpOM H3MCHCHHH CHJIU TOKa B KaTyiUKe 3JICK- 
TpoM arHHTa? 

б) ^TO MO)KHO CKa3aTb O 3aBHCHMOCTH CHJIbI HH^yKUHOHHOTO TOKa 
H 3flC-HH,ayKUHH OT CKOpOCTH H3MCHCHHJI MarHHTHOTO nOTOKa 
nepe3 KaTyuiKy? 

6 . Otbctu 3anHUiHTe b TeTpaab. 

IV. IfcyHeHHe hoboto MaTepuajia 

MarHHTHbiH noTOK HanumHO HCTOJiKOBbmaeTca KaK hhcjio jihhhh 
M arHHTHOH HHjiyKUHH, npoHH3biBaiomHx noBepxHocTb ruioma^bio S. 
Ecjih 3a Majioe BpeMa At MarHHTHbiH noTOK MeHaeTca Ha AO, to cko- 

pOCTb H3MeHeHHH nOTOKa 

AO _ AO 

=> I * . 

At 1 At 

H3BecTH0, hto b uenn noaBjiaerca 3JieKTpHuecKHH tok b tom cjiynae, 
ecjiu Ha CBoGo^Hbie 3ap5mu npOBO^HHKa fleficTByiOT CTopoHHHe chjiw. 
npH H3MeHeHHH MaTHHTHOrO nOTOKa nOBBJlHIOTCa CTOpOHHHe CHJIbI, AeH- 
CTBHe KOTOpbix xapaicrepH3yeT 3flC. 



ConpOTHBJieHHe 3aBHCHT OT H3MeHeHHH MarHHTHoro nOTOKa. 3aKOH 
3JieKTpOMarHHTHOH HH^yKUHH (j)OpMyJIHpyeTCH flJIfl 3 J\C. 

Ia«d| 
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3aKOHOM B TaKOM Bliae M03KH0 nOJIb30BaTbCJl npH paBHOMepHOM H3- 
MeneHHH MarHHTHoro noTOKa. B itpothbhom cjiynae: 

V. 3aKpenjienHe myneiiHoro 

- riOMeMy 33K0H 3JieKTp0MarHHTH0H HHUyKUHH (JiOpMyJTHpyeTCH mm " 
3J\C, a He juw chjiej TOKa? 

- KaK (JjOpMyJIHpyCTCH 33KOH 3JieKTpOMarHHTHOH HH^yKUHH? 

- riOMeMy B 3aKOHe 3JieKTpOMaTHHTHOH HHAyKIJHH CTOHT 3H3K «mh- 
Hyc»? 

- HtO M03KH0 CKa3aTb O 33BHCHMOCTH CHJlbl H HAy KIJHOHHOrO TOKa H 
3flC-mmyKUHH OT CKOpOCTH H3MeHeHHJI MaTHHTHOrO nOTOKa Me- 
pe3 Kaiymicy? 

VI. PemeHHe 3aaan 

1 . 3a K3K0H npoMeacyroK BpeMeHH Mai HHTHWH uotok H3MeHaerca Ha 
0,004 B6, ecjiH b Konrype B036yacAaeTC» 3J\C HimyKUHH 16 B? (O ru- 
se m: At = 2,5 mc.) 

2. Cojichoha co^epacHT 100 bhtkob npoBOJiOKH. HaHTH 3RC HH^yK- 
UHH, eCJIH B 3TOM COJieHOH^e 3a 5 MC MaTHHTHfclH nOTOK paBHOMepHO 

H3MeH»eTCH ot 3 mB6 a o 1,5 mB6. ( Omeem : 0,3 B.) 

3. B o6Monce Ha cranbHOM cep^eHHHKe c onoma^io nonepeHHoro 
ceMeHHH 100 cm 2 b TeqenHe 0,01 c B036yacnaerca 3J\C hh^kumh 150 B 

npH H3MeHeHHH MarHHTHOH HHAyiCUHH OT 0,3 Tjl AO 1,3 Tjl. CKOJIbKO 
bhtkob b o6Monce? (Omeem: 1 50.) 

4. IlpoBOJioqHaa np«MoyrojibHaa paMica co croponaMH 1 8 cm h 5 cm 
pacnojioxceHa b oahopoahom mbtuhthom nojie nepneHAHKyjwpHo k ch- 
jiobum jihhhhm. OnpeAeJinre HHjsyKixmo sroro nojia, ccjih npH ero hc- 
qe3H0seHHH 3a 0,015 c b paMKe B03HHicaeT 3RC = 4,5* 10~ 3 B. (Omeem: 
AB — 7,5* 10 -3 Tji.) 

5. MaTHHTHWH nOTOK HCpC3 KOHTyp npOBOAHHKa conpoTHBJieHHe M 
3*10 -2 Om 3a 2 c H3MeHHJica Ha 1,2-KT 2 B6. KaKoaa CHJia TOica, npore- 
Kaiomero no npoBOAHHicy, ecjiH H3MeHemui npoHcxoAJrr paBHOMepHO? 
(Omeem: I — 0,2 A.) 

6. ConeHOHA, COCTOamHH H3 80 BHTKOB H HM£(OIUHH AHaMCTp 8 CM, 
HaxoAHTca b oahopoahom MamHTHOM nojie, HHAyicuHa Koroporo paBHa 
60,3 Tji. Cojichoha nOBOpaqHBaerca Ha 180° b TeneHHe 0,2 c. Hairra 
cpeAHee 3HaneHHe 3flC, B03HHKaio mee b cojieHOHAe, ecjiH ero oci, ao h 
nocae noBopOTa HanpaBjieHa BAOJib iiojih. (Omeem: z = 0,24 B.) 

VII. IIoABeAeHHe htopob ypoica 

^oMauiHee ianaimc 
n. 4; 

P-911; P-912. 
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YpoK 13. JIa6opaTopHaa pa6oTa 
no TeMe «H 3 yneHHe abjighha 3JieKTpoMarHHTHon HH ( ayKUHH» 

Odopydoean ue: MHJiJiHaMnepMeTp, hctohhhk nHTaHHa, KaTyniKH c 
cepzieHHHKaMH, ;jyroo6pa3HbiH Marrorr, BLiKjnouaTeJib KHOnoMHtiH, co- 
e^HHHTejibHbie npoBojja, MarHHTHaa CTpeuKa (KOMnac), peocTaT. 

Xoa paGoTu 

L BcraBbTe b o;my H3 KaTymex Hcejie3HUH cepjieHHHK, 3aicpenHB ero 
raHKOH. FIojiKJiioHHTe 3ry Karyimcy uepe3 MnrumaMnepMerp, peocTaT h 
KJIJOH K HCTOHHHKy ITHTaHIW. 3aMKHHTe KJIIOH H C nOMOUIblO MaTHHTHOH 
CTpejiKH (KOMnaca) onpe^ejiHTe pacnojiosceHHe MarHHTHbix noniocoB Ka- 
TyiUKH C TOKOM. 3a<j)HKCHpyHTe, B KaKyiO CTOpOHy OTKJIOHSeiCfl npH 3 TOM 
CTpejiKa MHJuiHaMnepMerpa. B jiajibHefiiiieM npn Bbino jihchh h pa6oTu 
mo3kho Sy/ier cyjjHTb o pacnojioxceHHH MarHHTHbix nojnocoB KaryuiKH c 
tokom no HanpaBJieHHio otkjiohchhh CTpejiKH MHJuiHaMnepMerpa. 

2. OnGiJOHHTe ot ijenn peocTaT h kjiioh, 3aMKHHTe MHJUiHaMnepMerp 
Ha KaTyuncy, coxpaHHB nopajioK coejjHHeHHa hx kjicmm. 

3. IIpHCTaBbTe cep^eHHHK k o/iHOMy H3 nojnocoB ;iyroo6pa3Horo Mar- 
HHTa h BABHHbTe BHyipb KaryuiKH, Ha6jnoiiafl o^HOBpeMenno 3a CTpeJiKOH 
MHJuiHaMnepMerpa. 

4. IloBTOpHTe HaGnio.aeHHe, BbmBHraji cepjieHHHK H3 KaryuiKH, a TaioKe 
MeH^H nojnoca MarHirra. 

5. 3apHcyHTe cxeMy onbiTa h npOBepbTe BbinojiHeHne npaBHjia JleHija 
b Ka^OM cnyuae. 

6. PacnojioacHTe BTOpyio KaTyinxy pajioM c nepBOH TaK, hto6i>i hx 
och coBnajja™. 

7. BcTaBbTe b o6e KaiyuiKH acejie3Hbie cepjieHHHKH h npucoe/iHHHTe 
BTopyio KaiyuiKy nepe3 BbiicnoHaTejib k HCTOHHHKy nHTaHHfl. 

8. 3aMbiKaH h pa3MUKaa kjiioh, HaGjuo^aiiTe OTKJiOHeHue crpejiKH mhji- 
jinaMnepMerpa. 

9. 3apncyHTe cxeMy onbrra h npOBepbTe BbinojiHeime npaBHjia Jlenua. 

^OMauiHce 3auanne 

P ~ 913; P -914. 


YpoK 14. Peuietme 3a^an. 

3aKOHbI 3JieiCTpOMarHHTHOH HH^yKUUH 

IX e Jib: oTpa6oTKa npaKTHHecKHx HaBbiKOB npu peineHHH 3ajjan. 
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Xoa ypoKa 


I. OpraHHiaUHOHHblH MOMeilT 

II. IIoBTopeHHe 

- Hto Ha3biBaeTC» 3,HC-HHAyKnHeH? 

- Kaicafl (jiopMyjia BbipaacaeT ochobhoh 3aKOH 3JieiapoMarHHTHOH hh- 
AyKUKH? 

- KaK (J)0pMyjiHpyeTC5i npaBHJio JleHua? 

- 06'biicHHTe, KaK onpeAejweTCii HanpaBJieHne HHAyKUHOHHoro TOKa 
b npjiMOJiHHeHHOM npoBOAHHKe, ABH>KymeMC5i b oflHopoflHOM Mar- 
hhthom none. KaK (JjopMHpyeTc^ npaBHJio npaBOH pyKH? 

III. PeuieHHe 3ajtan 

1 . H3 npoBo^a ajihhoh 2 m c^ejiajin KBaApaT, pacnojioaceHHbiH ropn- 
30HTajn>H0. KaKOH 3apjiA npOH^eT no npoBOAy, ecjin ero noTJiHyTL 3a ABe 
AwaroHajibHO npoTHBonoJioaofbie BepniHHbi TaK, hto6m oh cjio>khjicji. 
ConpOTHBJieHne npOBO^a 0,1 Om. BepTHKajibHaii cocTaBJiiuomaii HHAyK- 
Uhh MarHHTHoro noJi» 3eMJiH paBHa 50 mkTji. 



PeuieHHe: 

AO 


AO = BAS 


l 2 l 2 

A S = S 2 -S, =0 = -— . 

21 16 16 

Bl 2 r * Bl 2 ... 

= . q — I At — = 125 

\6R At 16 R 


mkKjt. 


( Omeem : q-\25 mkKji.) 


2. MeTajuiHHecKHH CTepaceHb paBHOMepHo Bpamaercji BOKpyr OAHoro 
H3 ero kohuob b oahopo^hom MarHHTHOM none b nnocKocTH, nepneHAH- 
KyJIJIpHOH K OCHOBHbIM J1HHHSM nOJIJI. YniOBaJl CKOpOCTb BpameHHH 
CTep)KHJi to = 15 paA/c, ero AJiHHa / = 0,4 m, MarHHTHaa HHAyKuna noji» 
B = 0,1 TjI. HaHTH 3XlC-HHAyKUHI0 CTepHCHil. 


J^aHo: 

co -15 paA/c, 
/ = 0,4 m, 

2? = 0,1 Tji, 
e-1 


PeuieHHe: 

AO BAS 

e = , TAe AS - njiomaAB, onncbiBae- 

At At 

Mail CTepacHeM 3a At . 

AS = Nnl 2 , tj\q N~ MHCJIO oSopOTOB. 


coAt . _ col 2 Al 

; AS = 

2 H 2 


f= £>5/_ 6 B 

2 


(Omeem: e - 0,6 B.) 
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3. IIjIOCKHH npOBOA5mjHH BHTOK, njIOlUaAblO 5 = 60 CM 2 , HaXOAHTCB B 
oahopoahom MarHHTHOM nojie c HH^yKUHeH B = 0,4 Tji. KaKOH 3ap*m 
npoH^eT no KOHTypy, ecjin ero noBepHyTb Ha yroa 90°? yroa 180°? 
ConpOTHBjieHne Komypa R = 2 Om. 


/la ho: 

S = 60 cm 2 , 
B = 0,4 Tji, 
R = 2 Om, 
a = 90°, 
or = 18° . 
< 7 i-? 
< 72 -? 


PeuieHHe: 

r . .5 

q = I At ; / = — ; £ 


AO _ 0 2 - 0 $ _ AO 

"a 7~ At ’ q /T' 


Ecjih noBepHyTb Ha a = 90° , to 0 2 = 0 , O, = BS , 
AO = 0 - 55 = -55 . 


10 y 

9, = — ; 9, =1,2 mKji. 
R 


Ha yroji a = 1 8° , AO = -255 . 
0 2 -0, = -55-55 = -255; 


9 2 =— ; 9 2 = 2,4-KT 3 Kji. 

R 

( Omeem : q x =1,2 mKji, q 2 = 2,4-10“ 3 Kji.) 


4. H3 KycKa tohkoh npOBOJiOKH cuejiaHo kojibuo. npH bkjhohchhh 
M arHHTHoro nojia, HanpaBJieHHoro nepneuziHKyjiJipHO njiocKOCTH KOHua, 

no HeMy npoTeK 3apjm Q = 10 -5 Kji. Kaicon 3ap«u Q 2 npoTeneT no npo- 

BOJioxe, ecjin npH bkjhohchhh nojia kojibuo ue(J)opMHpOBaTb b KBaapaT, 
pacnoJioaceHHbiH b toh >Ke iijiockocth? 

(Omeem: -0,2- 10" 5 Kji.) 

5. KaTyuiKa conpOTHBjieHneM R = 100 Om, cocTOfliuaa m N = 1000 
bhtkob njioiuaAbio 5 = 5 cm 2 KaacabiH, BHeceHa b oaHopouHoe MarHHTHoe 
nojie, KOTopoe yMeHbniHJiocb no BejiHHHHe ot B i = 0,8 Tji ro B 2 = 0,3 Tji 
h He H 3 MeHHJiocb no HanpaBjieHHio. KaKOH 3 ap au npoineji no npoBoaHH- 
Ky 3 a 3to BpeMJi? 

(Omeem: 2,5T0~ 6 Kji.) 

6. BeKTop MarHHTHon HuayKUHH noJiH nepneuziHKyjiflpeH njiocKOCTH 
KOJibua unaMerpoM d = 22 mm h ero npoeKuna Ha HopMarib k iijiockocth 
Kpyra H3MeHaeTC5i ot B„ t = -0,4 Tji ao 5 flj - 0,55 Tji 3a 80-10" 3 c. Haimi 

OflC-HUZiyKUHK). 

(Omeem: 0,45 B.) 

7. npOBOJiOHHoe KOJibuo uwaMeTpOM d = 5 Om noMemeHO b nepe- 
MeHHoe MaruHTHoe nojie nepneuuHKyjiHpHO ero njiocKOCTH. MarHHTHaa 
HHjiyKuiw HapacTaeT jihhchho 3a A/, = 1 5 c ot Hyjia ao 5 = 0,02 Tji h 
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3aTeM jiHHeHHO yMeHtniaeTCJi ao Hyaa 3 a A t 2 = 20 c. Kanoe xoaHHecTBO 
TeruioTbi Bhiaeanxca b KOJibue? 

IV. IIoABeAeHHe htofob ypoica 
^OMauiHee 3aaaHiie 

P-915. 


YpoK 15 . BuxpeBoe ajieicrpHMecKoe nojie. 
3 /(C-HHAyKIIHH B /IBHHCyiUHXCH npOBO^H H K2LX 

IJeJlb: BbWCHHTb yCJlOBHH B03HHKH0BeHHS 3JJJ$ B ^BHMCymHXCB npO- 
BO^HHKaX. 


Xoa ypoica 

I. OpraHH3ai|H0HHblH MOMCHT 

II. IIOBTOpeHHe 

- B HeM 3aKJIIOHaeTCJI HBJieHHe 3aeXTp0MaTHHTH0H HH^KUMH? 

- KaKHe ycjiOBHB HeoOxoaHMbi ana cymecTBOBanna aBtieHHa 3aex- 
TpOMarHHTHOH HHayXlJHH? 

- Kax ycTaHaBJiHBaeTca HanpaBJieHne HHayxunoHHoro Toxa npaBH- 
jiom JleHua? 

- no xaxoH (J)opMyjie onpeaeaaeTca 3 ,ZIC HHayKUHH w xaxofi <J>h- 
3 HHCCKHH CMbICJl HMeeT 3 HaX «MHHyC» B 3 TOH (j)OpMyiie? 

III. H3y4eHHe hobofo MaTepuajia 

Bo3bMeM TpaHC(J)OpMaTop. Bxjiiohhb oaHy H3 o6motox b ceTb nepe- 
MeHHoro roxa, noay^HM tok b apyrow xaiyiuxe. Ha CBo6oaHwe 3apaaw 
aeficTByeT 3JiexTpH4ecxoe noae. 

3jieXTpOHE»l B HenOaBH^CHOM npOBOaHHKe npHBOa5ITCB b aBH)xeHne 
3aexrpHHecxHM noaeM, h saexrpHnecxoe noae HenocpeacTBeHHO nopo- 
»aaeTca nepeMeHHbiM MarHHTHbiM noaeM. H3MeH»acb bo BpeMeHH, Mar- 
HHTHoe noae nopoxaaeT aaexTpHnecxoe noae. noae npHBoanT b asime- 
Hne 3aexTpoHbi b npoBoaHnxe h xeM caMbiM oOHapyacHBaeT ce6a. 3aex- 
TpHnecxoe noae, B03HHxaiomee npn n3MeHeHHH MarHHTHoro noaa, HMe- 
eT apyryio CTpyxTypy, neM 3 aexTpocTaTHnecxoe. Oho He CBa3aHo c 3a- 
paaaMH, oho HHrae He HaHHHaeTca h HHrae He 3axaHHHBaeTca. npea- 
CTaBaaeT coGoh 3aMXHyrbie aHHHH. Ero Ha3bmaioT BHxpeBbiM saexTpn- 
necxHM noaeM. Ho b OTaHHHe ot CTauHOHapHoro aaexrpHHecxoro noaa, 
pa6oTa BHxpeBoro noaa no 3aMXHyroMy nyTH He paBHa Hyaio. 

HHayKUHOHHblH TOX B MaCCHBHbIX npOBOaHHXaX Ha3bIBaK)T TOKBMH 
OyKO. 


ypOK 15. Buxpeeoe 3neKmpu^ecKoe none... 
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IJpuMeueHue : iuiaBKa MeTajuioB b BaKyywe. 

Bpednoe deucmeue : 6ecnojie3Haa norcps aiieprMM b cep^eHHHKax 
TpaHccJ)opMaTopoB m b reuepaTopax. 

3J\C npH ABHXteHHH nposoAHHKa b MarHHTHOM nojie 

I7pn ABH^ceHHM nepcMU4KH U na 3JieiopoHi>i ^eHCTByeT cHJia ilopen- 
ua, coBepuiaiomaa paGory. 3jieicipoHbi nepeMemaiOTca or C k A. TTepe- 
MblHKa - HCTOHHHK 3jJC, CJieflOBaTCJlbHO, 

A = F 3 -d = quBl ; e = — =Bul; 

<7 

s = Bui . 



1 d 1 

U ' Puc. 10 

<DopMyjia Hcnojib3yerc» b jiioGom npOBO#HHice, ^BmicymeMCJi b Mar- 
HHTHOM nojie, ecjiH u _L B . Ecjih Meacay BeicropaMH u h B ecrb yroa 
a, to Hcnojib3yerc« (J)opMyjia: 

s = Bui since . 

Ad 

TaK icaK v = — , a All = AS , to 
At 

- 5|) ^2) AO 

At At At 

IlpifMHHa B03HHKH0BeHHa 3/(B - ciuia JIopeHua. 3naK £ MOXHO on- 
pc^cjiHTb no npasHJiy npaaon pyicw. 

IV. 3aKpeiuieHHe royneimoro MaTepuajia 

- Kaxoe nojie Ha3bmaercji HH^yKUHOHHbiMH hjih BHxpeebiM TJieic- 
TpmecKHM nojieM? 

- Hto aBJiaerca hctohhhkom HuzjyKUHOHHoro 3jieinpHHecKoro nojw? 

- Hto TaKoe tokh Oyxo? ripHBe^HTe npHMepu hx Hcnojib3oeaHHa. 
B kokhx cjiynaax c hhmh npHXO^Hrca 6opon»ca? 
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~ KaKHMH OTJIHHHTeJIbHblMH CBOHCTBaMH o6jia^aeT HHAyKUHOHHOe 
3JieKTpHnecKoe nojie no cpaBHemno c MarHHTHbiM nojieM? Oa- 
qHOHapHbiM hjih 3jieKTpocTaTHHecKHM nojieM? 

V. IIoABeaeHHe HToros ypona 

^OMaumee ia^amie 

n. 12; 13. 


YpOK 16. CaMOHH/iyKIlHSI 

IfeJlb: 03 HaK 0 MHTb C ABJieHHeM CaMOHH^yKqHH. 

Xojx ypoica 

I. Opi aHinauHOHHbiH momcht 

II. IIOBTOpeHHe 

- ^to npe^CTaBjiaeT co 6 oh reHepaTop napajuiejibHoro TOKa? 

- OnHiiiHTe ero ycTponcTBO h npHHLwn ^encTBHfl. 

- MeM oTjiHHaeTca reHepaTop nocToaHHoro TOKa ot reHepaTopa ne- 
peMeHHoro TOKa? 

III. H3yHeHHe Hosoro MaTepnajia 

Ecjih no KaTyuiKe H^eT nepeMeHHwn tok, to MarnHTHbiH noTOK, npo- 
HH 3 UBaiOmHH KaTyiUKy, MeHaeTCfl. ri 03 T 0 My B 03 HHKaeT 3 J\C HHtfyKHHH 
b tom 5 Ke caMOM npoBO^HHKe, no KOTOpOMy n^eT nepeMeHHbiH tok. 3 to 
ABJ ieHHe Ha 3 bIBaiOT CaMOHH^yKLlHeH. 

3 KcnepuMenm 1 

Co 6 epeM cxeMy (cm. pnc. 11 ): 

R 

c> (^) o 



Puc. II 

npH 3aMbiKaHHH KjnoHa nepBaa jiaMna BcnbixnBaeT npaKronecKH 
cpa3y, BTOpaa - c 3aMeTHbiM ono3AaHHeM. 

3 .QC caMOHH^yKUHH b uenw otoh jiaMnbi BejmKa, h cnjia TOKa He 
cpa 3 y ^ocTnraeT CBoero 3 HaneHHa. 





VpoH 16. CaMouHdyKU,un 
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3KcnepuMeum 2 

Co6epeM cxeMy (cm* pnc* 12): 

L 



Pm. 12 


npH pa3MMKaHHH nomoca b KaTyuiKe L B03HHKaeT caMommyK- 
Uhh, no,zwep>KHBaioma3i nepBOHanajitHLiH tok. B pe3yjii>TaTe b momcht 
pa3Mi>iKaHH5i nepe3 rajiBBaHOMeTp TeneT tok, HanpaBjieHHtm npoTHB Ha- 
HaJIBHOrO TOKa RO pa3MMKaHHfl* 

Cnjia TOKa npH pa3MMKaHHH uerm MoaceT npeBocxo,HHTB> CHJiy TOKa, 
npoxo^amero nepe3 rajiBBaHOMeTp npw 3aMKHyTOM KJiiOHe. 

MarHHTHBifi noTOK <I> nponopqHOHajieH HHjjyKUHH MarHHTHoro nojw 
B , 3Ta HH^yKUHB nponopuHOHajiBHa cnjie TOKa b uerm: 

<D */ 

0 > = ZJ 

r^e L - K03(jHj)HUHeHT npOnopUHOHaJILHOCTH, 3aBHC5imHH OT (J)OpMbI H 
pa3MepoB npOBO^amero KOHTypa h mbthiithoh npOHHuacMocTH cpe^M, b 
KOTO pOH HaXOJJHTCfl. 

L [Th] reHpH* 


Bo3HHKaiomee npH caMOHHjjyKLjHH BHxpeBoe 3jieKTpHHecKoe none 
xapaKTepH3yeTCfl 3JieKTpo,aBiMcymeH chjioh. B ^hhom cjiynae 3 /(C ca- 

MOHHtfyKIJHH (e s )* 




e s =-LI'. 


MarHHTHaa 3Heprnfl npoBO^HHKa c tokom: 



06i>eMHaii njiOTHocTb 3HcprHH. 

B 1 

co„ = * 


Wo 
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IV. 3 aKpenjieHHe MaTepnajia 

- Hto Ha3biBaerca caMOHnayKunen? 

- KaK HanpaBJieHbi no oTHomeynio k Toicy jihhhh HanpsaceHHOCTH 
BHxpeBoro ajieKTpHHecKoro noxra b npoBO^HHKe npw yBejiHHeHHH 

H yMeHbllieHHH CHJIbl TOKa? 

- HtO Ha3bIBaerCfl HHAyKTHBHOCTblO? 

- Hto npHHHMaiOT 3a e^HHHqy HH^yKraBHocra b «CH»? 

- HeMy paBHa 3 J\C caMOHH^yKUHM? 

- rioneMy co3AaHH* TOKa hctohhhk aojdkch 3aTpajHTb 3Hep- 
rnio? 

- He My paBHa 3Heprna 3jieKTpHHecKoro nojw? 

V. PeinenHe 3aAa<i 

1 . OnpeaejiHTe 3Heprnio MaranrHoro no/ia KaTyuiKH, b KoropoM npn 
TOKe 7,5 A MarHHTHbin noTOK paBeH 2,3* 10 3 B6. Hhcjio bhtkob b Ka- 
TyuiKe - 120. KaK H3MeHHTca SHeprna nojia, ecjm cnjia TOKa h3MChhtcjj 
BAB oe? ( Omeem : W— 1,035 Jlp c; yMeHbuiHTca b 4 pa3a.) 

2. MarHHTHoe nojie KaiyuiKH c HHAyicrHBHOCTbK) 95 mFh o6jiaAaeT 
aHepmeii 0,19 Jlp c. HeMy paBHa cwia TOKa b KaiyiuKe? (Omeem: 2 A.) 

3. KaKOH 3ap«A npOHAer qepe3 nonepeHHoe ceneHHe BHTKa, conpo- 
THBJieHHe KOToporo 0,03 Om, npw yMeHbuieHHH MarHHTHoro noTOKa 
BHyTpH BHTKa Ha 12 mB6? (Omeem: q = 0,4 Kji.) 

4. KaKOBa CKOpoCTb H3MeHCHH» CHJlbl TOKa B o6MOTKe pcite c HHAyK- 
THBHOCTbio 3,5 Th, ecjiH b Hefi B036yacAaerca 3JX C caMOHHAyKUHH 

105 B. (Omeem: — 30 A/c.) 

5. Kaiyiiucy c hhhtohcho ManbiM conpoTHBJieHHeM h HHAyKTHBHO- 
CTbK) 3 Th npHCOeAHHBIOT K HCTOHHHKy TOKa C 3flC 15 B H HHMT05KHO 
MajibiM BHyrpeHHHM conpoTHBJieHHeM. Hepe3 kokoh npoMeacyroK Bpe- 
MenH CHJia TOKa b KaTyuiKe AOCTHmer 50 A? (Omeem: t= 10 c.) 

VI. IIOABeACHHe HToroB ypoica 

jloMamiicc la/iaime 

n. 15. 

P - 918; P - 919. 


YpoK 17. PeiueHHe iaaaq 

Ifenb: OTpa6oTKa npaKTHqecKHx HaBbiKOB npH peweHHH 3aaaH. 

OdopydoeaHue : hctohhhk nHTaHiw, MHjuiHaMnepMeTp, KaryuiKa c 
5Kejie3HUM cepAenHHKOM, pe3HCTopu conpoTHBJieHHeM 2 Om h 4 Om, 
peocTaT noJi 3 yHKOBbiii, kjhoh 3aMbiKaHH$i, npoBOAa. 




ypQK 1 7. PetueHue aadaw 
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Xo/i ypoica 

I. OpranHiaiiHomihiH MOMeHT 
IL IIpoBefleHHe Jia6opaTopHoii pa6oTw 

JIa6opaTOpHan pa6oTa ho TeMe 

«HcCJieAOBaHHe 3aBHCHMOCTH 3flC CaMOHHAyKUHH OT HHAyKTHBHOCTH 
npOBOAHHKa H CICOpOCTH H3MCHCHH3I B HeM CHJIM TOK0» 


Xoa paSoTbi 



R] = 4 Om; R$ — 2 Om 

2. IIocTaBbTe non3yHOK peocTaTa npHMepHo b cpe^Hee nojioaceHHe, 
3amyHTHpyHTe MHJuinaMnepMeTp coe^HHeHHHM npOBO^OM h 3aMKHHTe 
uerri*. Cjierica nepe^BHraa nojnyHOK BnpaBo - bjicbo, jjo6eHTecb oTcyT- 
ctbhh TOKa nepe3 MHJUiHaMnepMeTp. Ilocne 3Toro otkjhohhtc myHT ot 
MHUJ iHaMnepMeTpa h npucTynaHTe k HaSnio^eHHio caMOHimyKUHH. 

3. Pa3MtiKaa h 3aMbncaji uem>, Ha6jno;jaHTe oTKJioHeHHe CTpejiKH 
MHJinHaMnepMeTpa to b o^Hy, to b ApyryK) CTopOHy. 06'bacHHTe Ha6nio- 
AaeMoe HBjieHHe. 

4. BcTaBbTe b KaiyuiKy »ceJie3HbiH cepjjenHHK h cHOBa noBTopHTe 
onuT. 3aBHCHT jih 3J\C caMOHHAyKUHH, B03HHKaiomaji b KaTyniKe ot ee 

HHJtyKTHBHOCTH? 

5* IloBTOpHTe npe^bmymHH oribiT, h3mchhb CHjiy TOKa b KaiyiiiKe. 
(OTKJlIOHHTe pe3HCTOp i? 3 .) 3aBHCHT JIH 3J\C CaMOHHflyKIJHH, B03HH- 
Kaiomaji b KaTyuiKe ot ckopocth H3MeHeHH» b Hen chjili TOKa? 

6. C^ejiafiTe oSiijhh bubo^ h 3anHUiHTe b TeTpa^b. 

III. PeiueHHe 3a,naH 
3adauu ua «3» 6ajuia 

1. MarHHTHbiH noTOK nepe3 KaTyuiKy, cocroamyio H3 75 bhtkob, pa- 
BeH 4,8* 1 0~ 3 B6. PaccHHTaiiTe BpeMa, 3a KOTOpoe aojdkch Hcne3HyTb 3 tot 
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noTOK, hto6u b KaiyuiKe B 03 HHKjia 3 J\C HHuyKHHH, paBHaa 0,74 B. 
(Omeem: 0,5 c.) 

2. B KaTyiUKe, HH^yKTHBHOCTb KOTOpOH paBHa 0,4 Th, B03HHKJia 
3JJC, paBHaa 20 B. PaccuHTauTe H3MeHeHHe chjim TOKa h 3Heprnio Mar- 
HHTHoro nojM KaTyuiKH, ecjiH 3 to npoH3omjio 3a 0,2 c. (Omeem: 10 A; 

20 m.) 

3. OnpejieJiHTe CKopocTb caMOJieTa npn ropH30HT3JibHOM nojieTe, ec- 

jih B03HHKaiomafl Ha ero KpbmbJix /uihhoh 1 5 m paBHa 

0,12 B, a BepTHKajibHaa cocTaBJHnouiaa MarHHTHOH HHflyKUHH MarHHT- 
Horo nojifl 3eMJiH paBHa 0,5*10-4 Tjl (Omeem: 160 m/c.) 

3adauu na oi^eHKy «4» 6awia 

1 . npoBoiioHHoe kojibuo pajinycoM 5 cm pacnono^ceHO b ouhopojihom 
M arHHTHOM none, HHflyKUHH KOToporo paBHa 1 Tji Tax, hto BeKTop hh- 
.zjyKUHH nepneHAHKyjuipeH njiocKocTH KOJibua. OnpeaejiHTe 3^C hh- 
AyKUHH, B03HHKaiomyio b KOJitue, ecjiH ero noBepHyTb Ha yroji 90° 3a 
BpeMn, paBHoe 0,1 c. (Omeem: 0,08 B.) 

2. npOBOflHHK flJIHHOH 60 CM H COnpOTHBJieHHeM 0,02 Om flBHflCeTCH 
no Me/jHbrM npoBo^aM n hctohhhky roxa, 3 J\C KOToporo paena 0,96 B, 
BHyTpeHHee conpOTHBJieHne paBHO 0,01 Om. HaiuiHTe cnjiy Toxa b npo- 
BO^HHKe, ecjiH oh ABiDKeTCH paBHOMepHo co CKopocTb k> 0,5 m/c nepneH- 
AHKyjuipHO k MarHHTHOMy nojiio, y KOToporo HHnyKUHii paBHa 2,6 Tji. 
(Omeem: 1 6 A.) 

3. B pe3yjibTaTe H3MeHeHHn chjim TOKa c4Ajjo20A noTOK MarHHT- 
HOH HHjjyKUHH nepe3 nnomaab nonepeuHoro ceneHHJi KaTyuiKH, HMeio- 
meH 1000 BHTKOB H3MeHHJlCH Ha 0,002 B6. HaHJ5HTe HHJjyKTHBHOCTb 
KaTyuiKH. (Omeem: 0,125 Th.) 

3adauu na oi^eHtcy «5» 6awioe 

1 . JXbsl MeTajuiHHecKHx CTepacHH pacnojioiKeHbi BepTHKajibHo h 3bmk- 
HyTbi BBepxy npOBOUHHKOM. Flo hhm 6e3 TpeHHSt h HapymeHHa KOHTaicra 
CKOJib3HT nepeMbiHKa jijihhoh 2 cm Maccofi 1 r. Be a cncTeMa HaxouHTca 
b ojihopo^hom MarHHTHOM nojie, y KOToporo HH^yKHHn paBHa 0,01 Tji h 
nepneHAHKyjinpHa iuiockocth paMKH. YcTaHOBHBiuajicH CKopocTb paBHa 
0,8 m/c. HaH^HTe conpoTHBJieHHe nepeMbiHKH. (Omeem: 3,3*10^ Om.) 

2. KaiyuiKa HimyKTHBHOCTH unaMerpoM 4 cm, HMeiomaa 400 bhtkob 
mcuhoh npoBOJiOKH, y KOTopoft njiomaab nonepeuHoro ceneHHn paBHa 
1 mm 2 , pacnojioaceHa b ounopouHOM MarHHTHOM nojie. MarHHTHaa hh^k- 
UHfl 3Toro nojiH HanpaBJieHa Buoub och KaTyuiKH h paBHOMepHo H3MeHHeT- 
ca 3a 1 c Ha 0,1 Tji. Kohum KaTyuiKH 3aMKHyTbi HaKopoTKO. OnpeuejiHTe 
KOJiHnecTBo TenjiOTbi, BbmejunoLueHCH b KaTyuiKe 3a 1 c. YaejibHoe conpo- 
THBJieHHe Mean paBHO 8,7* 10 -8 Om*m. (Omeem: 2,95*1 0 -3 



ypOK 18. PetueHue 3 KcnepUMeHmanbHt>ix aadaw 
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3. npoBOjioHHaa KaTyniKa ^naMeTpoM 5 cm noMeujeHa b o^Hopo^Hoe 
MarHHTHoe none napajuiejitHO ee och. nojw paBHOMepHO H3- 

MeHJieTCH 3a 1 c Ha 0,01 Tjl KaTyniKa conep)KHT 1000 bhtkob MenHoro 
npoBOfla ceneHneM 0,2 mm 1 2 * * * * * . YflejibHoe conpoTHBjieHHe Mean paBHO 
1,7* 1 0' 8 Om m. K KOHuaM KaTyuiKH nomcmoHeH KOHneHcaTop cmkoctlio 
10 mkO. Onpe^ejmTe 3apnn Ha KOHneHcaTope. ( Omeem : 1,95* 10 -7 Kjl) 

IV. IIonBe^eHHe HToroB ypoica 
AoMauiHee 3a/iaHHe 

n. 14-15; 

P-919. 


YpOK 18. Peuiemie 3KcnepHMeHxajii»Hi>ix 3a/jaH 

Ifejib: HaynHTL nojiL30BaTfcCfl TeopeTHnecKHMH 3HaHH«MH Ha npaK- 
THKe. 

Odopydoeanue : KaTyuiKH, rajiLBaHOMeTp, npoBo^a, kjiioh. 

Xofl ypoKa 

I. OpraHH3aiIHOHHl>IH MOMCHT 

II. Peuieime Tanan 

Knacc ^ejiHTCH Ha rpynm>i: Kanc^aa rpynna nonyuaeT CBoe 3a^aHHe b 

3aBHCHMOCTH OT CTeneHH nOnrOTOBJieHHOCTH. 

1 . Cjio)KHTe BMecTe ^Ba nomocoBtix MarHHTa pa3HOHMeHHWMH, a no- 
TOM OflHOHMeHHBIMH nOJIIOCaMH H BHOCHTe HX C OflHHaKOBOH CKOpOCTLIO 
b KaTyuiKe, 3aMKHyTyio Ha rajitBanoMeTp. 06T»acHHTe, b neM pa3JiHHHe. 

2. HccjienyuTe h oObhchutc KanecTBeHHo 3aBHCHMOCTB chjili HimyK- 

UHohhoj'o TOKa ot yrna Me>K£y nponojibHbiMH oc«mh KaTymeK. Btinoji- 

HHB pHCyHKH, o6T>ncHHTe pe3yjn>TaTLi. 

yKa'januH . Hcnojib3yK>Tcn KTTyniKH c o6o3HaneHHWM HanpaBJieHneM 

naMOTKH. HanpaBjieHwe TOKa B KaTyuiKe onpeuejiaeTCH no yKa3aHHOH 

nojwpHOCTH KJieMM rantBaHOMeTpa h HanpaBJieHnn OT6poca cTpenKH. 



Puc . 14 
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3. HMeeTCJi KaryiiiKa, KOTOpaa CHUTa c cepAeHHHKa. Kjhom 3aMKHyT. 

BucTptiM /jBHfleeHHeM Ha^eHbTe KaiyuiKy Ha cepAenHHK. 06T>acHHTe 
H3MCHCHHe HaKana jiaMnoHKH JI. Kaic H3MeHHTCfl ee HaKan, ecjiH KaTyniKy 
CHOBa GbICTpO CHHTb c cepAeHHHKa? j 

4. npe,aJio)KHTe, onmiiHTe h npOBe^HTe hcckojilko BapnaHTOB onbrra j 
Ana onpe^eneHfw HanpaBJieHH« TOKa b KarymKe npH pa3MbiKaHHH ueriH. j 

5. Kaic c noMombio Ha6opa HeoHOBbix jiaMnoneK oueHHTb nopaAOK j 
BeJIHHHHBI 3J\C CaMOHH,ayKHHH npH pa3MbIKaHHH uenn? 

6. Hcnonb3y« KOHAeHcaTop h KaryiuKy c cepAeHHHKOB, pa3pa6oTafiTe 
MOAenb npocTeHiuero 3neicrpHHecKoro (^HJibTpa AJia crjia^cHBaHna nyjib- 
canHH HanpaMceHHa Ha BbixoAe BbinpjiMjieHHa. 

III. IIoABeACHHe HToroB ypoKa 
^OMauiHee 3aaaHiie 

P-920; P-921. 


YpoK 19. PeuieHue 3auau 

IJejib: OTpa6oTKa mctoaob peuieHHa 3aAan. 

Xoa ypoKa 

I. OpraHH3ai|H0HHblH MOMeHT 

II. PeuieHue 3auan 

1. ripOBOJIOHHblH BHTOK ILJIOIUaAMO S = 100 CM 2 pa3pe3aH B HeKOTO- 
poft TOHKe h b pa3pe3 BKjnoneH KOHAeHcaTop eMKOCTbio C = 10 mkO. j 
Bhtok noMemeH b oAHopoAHoe MarHHTHoe none, ahhhh HHAyKUHH ko- \ 
Toporo nepneHAHicyjiapHbi njiocKocTH BHTKa. 

MHAyKUHa MarHHTHoro nojui paBHOMepHO B03pacTaeT co CKOpocTbio \ 

A5 ) 

— = 5*10 3 Tn/c. OnpeAejiHTe 3ap«A Q KOHAeHcaropa. ( Omeem : 5*1 0" 10 Kji.) j 
At 1 

I 

2. FDioiAaAB BHTKa H3 npoBOAHHKa yMeHbmaeTca c iioctojihhoh cko- j 
= 6,5 • 10~ 2 = m 2 /c. Bhtok HaxoAHTca b oahopoahom none c ] 

i 

HHAyKAHen B = 0,42 Ta, nepneHAHKyAapHOM iuiockocth BHTKa. OnpeAe- { 
AHTe 3JXC HHAyKUHH b BHTKe. ( Omeem : 2,73* 1 0 -2 B.) 

3. H3 npOBOAa ahhhoh 1 = 2 m h conpoTHBneHHeM R = 4 Om H3rOTOBueH j 
KBaApaT. B oAHy cropoHy KBaApaTa BKnjoneH hctohhhk 3J\C e = 10 B. j 
L(enb noMeiueHa b oAHopoAHoe MarHHTHoe none, BeKTop HHAyKUHH ko- ] 
Toporo nepneHAHKyAapeH haockocth KBaApaTa h HanpaBAeH 3a uepTeac. \ 


pOCTbK) 


AS 

At 
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1 

+ £ 

1 

& 1 

► 


MH/iyKUHH MarHHTHoro nojM B03pacraeT co BpeMCHCM no aaxony: 

B = K f, 

rjye K = 1 6 Tji/c. llannHTe bcjihmhhy 1 Toica b hoth. Bnyipennee conpo- 
THBjieHne HCTOMHHica Mano. ( Omeem : 1 ,5 A.) 

4. npJIMOH npOBOAHHK /JJIHHOH l — 10 CM nOMdl|eH B OAHOpO^HOe 
MarHHTHoe none c HiinyKimeit B- 1 Tji. Kohluj npOBo^HHica 3aMKHyTW 
th6khm npoBOflOM, yxoosumiM aa npeneiru MarHHTHoro dojul Conpo- 
THBJieHHe Bceif uenw R = 0,4 Om. Kaxan MoniHOCTb N noTpe6yeTC», 
hto6w ^BHran, npoBOAHHK nepneimHKyjuipHO Beirropy B co cicopo- 
CTbio o = 20 m/c. Beicrop CKopocTH nepneRaHicyjiflpeH npOBOjmHicy. 
(Omeem: 10 Bt.) 

5. no AByM BepTHKajibHUM nposoflaM AC h DE y cocahhchhum co- 
npoTHBjieHHeM /?, mojkct ^BHraTbca 6e3 Tpemw, ho c H/icajiLnuM 3JieK- 
TpHHeCKHM KOHTaKTOM npOBO^HHK AJ1HHOH / H MaCCOH m. ILlOCKOCTb 
KOHTypa ACED nepncH^HKyjmpHa o;mopo;moMy, nocronHHOMy war- 
HHTHOMy nojuo c HH^yKuneH B . Haiwrrc BejiHHHHy u ycTaHOBHBiueHC5i 

CKOpOCTH ABlOKeHHfl npOBOAHHKa. 


A 

c 


R 

1 D 



E 


(Omeem: = 


Puc. 16 


6. Orepacem. MaccoH m = 0,2 kt nenarr Ha roptooHrajibHux pejibcax 
nepneHjxHicyjiapHO hm. PaccrosHHe MOKjxy pejibcaMH / = 40 cm. Beicrop 
HHflyKUHH ojjHopoAHOro MarHHTHoro nojia, BejiHHHHoil B - 50 Tji, na- 
npaBJieH BepTHKajlbHO BBepX. K03<jMj>HUHeHT TpeHHfl CKOJIbXCetlHfl CTep5KIW 
no penbcaM p = 0,1 . KaicoH MHHHMajn>m>iH no aejmHHHe tok cneayer npo- 
nycnrrb no crepacHio, hto6w oh eoBHHyjiCH? (Omeem: 10 A.) 

III. TIoABe/teHiie HToros ypoKa 
/(,o Man mcc lajiaHne 

P - 923; P - 924. 
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YpoK 20. PeuieHHe KanecTBeHHbix 3aaa4 

IJejib: oTpaGoTKa npaKTHHecKHx HaBMKOB npn peuieHHH 3aaan. 

Xon ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II. AKTyaj1H3aUHfl 3HaHHH 

1 . <X>H3HHeCKHH ^HKTaHT 

1 . ilBJieHHe 3JieKTpOMarHHTHOH HH^yKUHH. 

2. <I>apaneH h ero onuTU. 

3. llpaBHjio Jlemja. 

4. 3aKOH 3JieKTpOMarHHTHOH HH^yKUHH (.ana HenOaBHtfCHLIX H non- 
BHHCHblX KOHiypOB). 

5. IIpaBHJTO JieBOH pyKH. 

6. CaMOHHnyiajHa. 

7. HHayKTHBHOCTL. 

8. 3Heprnn MarnuTHoro no Jin. 

9. MarHHTHMH iiotok. 

10. ConeHOHa. 

11. J^poccejiL. 

2. Pa6oTa b rpynnax. 

I zpynna 

1. ^ Jin Hero na ropnoBHHy TejieBH3HOHHtix KHHecKonoB HaaesaioT 
MarHHTLi? ( B MazHumnoM none na deujtcyiquecn sneKtnponbi deucmeyem 
cuna Jlopenifa, ommiOHnn ux om npnMontmeuHOZO deuDfcemin no zopu- 
30hmanu unu eepmuKanu.) 

2. CTeioinHHbie U-o6pa3HLie xpyGicH, HanoJiHeHHbie pTyn»io, coe^H- 
HeHbl CK060H H3 TOJTCTOH ajlIOMHHHeBOH IipOB OJTOKH . KaK AOJiaCHLI 6bITb 
pacnonoaceHM nomocbi cmibHoro nocToaHHoro Mamma, hto6m npn 
3aMLiicaHHH KjiioHa anioMHHHeBaa npoBonoKa B3JieTena BBepx? (. Bexmop 
undyxijuu donotcen 6bimb nanpaenen k hclm.) 



Puc. 17 
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3. JloHeMy HHor^a He/ianeico ot MecTa y^apa MOJiHHefi ruiaBHTCfl npe- 
^oxpaHHTejiH h noBpe>K^aiOTC5i nyBCTBHTejibHbie 3jieKTpOH3MepHTejib- 
Hbie npn6opbi? ( H3Menxfoiqee Maanumnoe none morhuu UHdyyupyem e 
3neKmpou3MepumenbHbix npu6opax u e oceemumenbubix cemwc cwibHbie 
moKu.) 

4. 3KcnepHMeHT. 

Co6epHTe ycTaHOBicy. 



^Ba OAHHaKOBbTX MarHHTa CJIOHCeHBI npOTHBOriOJIOiKHblMH KOHliaMH. 
Ha o^hh Ha^eTa KaTyniKa, a kohum BbiBeueHbi k rajibBaHOMeTpy. B mo- 
MeHT oTpbma o^Horo ot upyroro CTpeuxa rajibBaHOMeTpa OTKJioHaeTca. 
(Ompbieauue Maanumoe dpya om dpyaa u ux coedmenue c8H3ano c u3Me- 
nenueM MaanumHoao nomoxa u naeedenueM e neu 3JJC.) 

II apynna 

1 . J \ jia rameHHH 3jieKTpHHecKOH ayra, o6pa3yiomeHCfl npH pa3Mbixa- 
hhh 6o:ibmHx tokob, HacTO b6jih3m py6HJiBHHKa pacnojiaraioT MarHHT 
TaK, hto6m jihhhh MarHHTHOH HHuyicuHH 6bijiH nepneHUHKyjiflpHbi B03- 
HHKaiomeH uyre. rioneMy? (3nexmponbi u uoubi , o6pa3yioiifue dyau, om- 
fOiOHRiomcR e MaanumnoM none , dyaa CMeu^aemcn e cmopony u aacnem.) 

2. B Kojibuo H3 ^HajieKTpHKa B^BHraiOT MarHHT. KaKoe ABJieHHe bo3- 
HHKaeT? (lJonnpu 3 aifun dmnexmpuxa.) 

3. rioneMy Ha 3aBoue jx jib nepeHoca pacKaneHHbix GojiBaHOK Hejib3fl 
Hcnonb30BaTb 3JieKTpoMarHHTHbie KpaHbi? (TJpu naapeeauuu (peppoMaa- 
nemuxu mepmom MaanumHbie ceoucmea unu nonnocmbio ucue3aiom npu 
meMnepamype Kfopu.) 

4. 3KcnepHMeHT. 

Ha Hcejie3HbiH cepaenHHK HaueBaiOT ajuoMHHHeBoe Kojibuo. Kojibuo 
uepJKHTCH b B03uyxe. Ecjih Ha/ieTb Ha cepuenHHK h npu6jiH3HTb k ajiio- 
MHHHeBOMy KOJibuy Me^Hoe (He BbinycKaa H3 pyx), to ajuoMHHHeBoe 
kojibuo 6y^eT no;iHHMaTbC5L noneMy? ( Konbya c6nuDtca}omcH, max xax e 
xoHifax HaxodxmcH moxu oduuaxoeoao Hanpaenenun .) 
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III zpynna 

1. flBa TOHKHX npOBO^HHKa, HMeiOmHX (f)OpMy OKpyjfCHOCTH, pacno- 
jio^ceHbi b nepneiiUHKyjiapHux fUlOCKOCTJrx. Ey^er jih b npOBO^HHKe A 
B03HHKan> HH^yKUHOHHblH TOK npH H3MeHeHHH TOKa B KOHType B1 {He 
6ydem, mate kok nomoK Masnumnou uiidyta^uu Konmypa B He nponu3biea- 
em KOHmyp A.) 



2. IloHeMy Koprryc KOMnaca He ^ejiaioT H3 *ejie3a? {)Kejie30 xejuiem- 
ex (peppoMazuemuKOM, u ece Maenumubie cwioebie Jiunuu noudym uepei 
Kopnyc, yotce He oKa3ueax sjiuxhuh Ha cmpenKy.) 

3. /Jjm HccJie/ioKannM crajibHbix SajioK, pejibcoB h t. r. Ha hhx na^e- 
aaioT KaiyiiiKy H30JiHpoeaHHOH npOBOJioKH, 3aMKHyryio Ha ranbBaHO- 
weTp, h nepeMemaicrr ee Biionb 6aJiKH. IIpH bcakoh HeojiHopoAHOCTH 
CTpoeHH* b ranbBaHOMerpe B03HHKaer tok. Ilo^eMy? {Heodnopodnocmh 
co3daem ucKODtcenue Maenumnoeo nomoica , a stianum, e Kamyiutce de~ 
(pexmocKona iiaeodumcx 3JJB undytapu i.) 

4. 3KcnepHMeHT. 

Kohuu cJio«eHHOH e^Boe npOBOJioKH npHCoe/iHHeHbi k rajibBano- 
Merpy. I IpoBOJioKa ^BHuceTCH, nepeceicaa jihhhh HHayiowif MamHTHoro 
nojia, ho cTpemca nuibBanoMerpa ocraerca Ha Hyjie. rioneMy? {B ompe3~ 
kox npoeonofcu eo3HuKatom pa3Hbie no 3 HaKy, ho odunaKoebie no sejiunu- 
hc 3JJC undyfcyuu, tcomopue eaauMno KOMneitcupyiomcH.) 

IV zpynna 

1. IIpoBOJioHHaa npftMoyrojibHan paMica luutaer Me^c^y nojiiocaMH 
3jieKTpoMarHHra. YKa^cHre HaiipjoKeime HH^yKHHOHHux tokob b paMKe 
npH npoxo)*g;eHHH eio nojioxceHHH >4, C. {IIpu npoxootcdenuu momat A 
npomue nacoeou empemeu , e moHKe B moK omeymemeyem , e monxe C 
moK nanpawien no nacoeoit cmpemce.) 



Puc.20 
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2. IloHeMy CBepxnpoBOA^mHH uiapHK «napHT» b MarHHTHOM none? 
(Bo3Hwcaiom mom Oyxo, Maanumnoe none Komopbix npomueodeucmey- 
em MaanumnoMy nonio, 6bi3eaeuieMy 3 mu mom . Baaimodeucmeywm 
odunaKoebie odnouMenHue nomocbi.) 

3. B KaKOH MOMeHT HCKpHT pySHJIbHHK! npH 3aMbIKaHHH HJIH pa3MbI- 
KaHHH? {3JJC caMOUHdyKijUH, 603HUKcnouf(ui npu pa3MUKanuu > 6bi3biea- 
em ucupy uepe3 pydwibHUK.) 

4. 3KcnepHMeHT. 


Puc. 21 

Ecjih HBa fleMOHcxpauHOHHMx rajibBaHOMeTpa coeflHHHTB h pacica- 
naTb CTpejiiey o^hoto m hhx, to, hto npoH30H.neT c npyrofi CTpejiKOH? 
IloneMy? (Ona maxotce dydem paacanueambCH, no e npomueo(pa3e - 
nanpaenenue ornKnouenun cmpenm emopoao aanbeanoMempy 6ydem 
npomueononootCHO nanpaenenmo omKnonenuH cmpenm nepeoao.) 

V apynna 

1 . B KaKOM MecTe 3eMjm MarmrrHafl CTpejiKa o6ohmh KOHuaMH noica- 
3biBaeT Ha lOr? (Ha CeeepnoM nonioce.) 

2. IloHeMy noH3eMHWH Ka6ejn>, no KOTopoMy noAaeTC* nepeMeHHbiH 
tok b >KHJiwe HOMa h Ha npennpH«THa, He npOKJia^biBaiOT b6jih3h ra30- 
BBIX, BOHOnpOBOHHBIX H TenJIO(j)HKaUHOHHbIX Tpy6? (IJpu eblCOKOU 
enaofCHocmu ebubieaemcH omcnenue Memanna (odycnaenueaemcn onex- 
mponu30M).) 

3. IlpH 3JieKTpocBapKe npHMeHflioTca CTa6njiH3aTop, KaTyiuxa co 
CTaJibHUM cepaenHHKOM, BKJiioHaiomaaca nocne^OBaTejibHO c nyroft. 
IIoneMy cTa6HjiH3aTOp o6ecnenHBaeT ycTOHHHBOCTb ropeHHa ;qth? 
(JJeucmeue cma6unu3amopa ocnoeano na nenenuu caMoundyxtjuu. IJpu 
u 3 Menenuu mom e xamyuixe eo3nuxaem euxpeeoe none , Komopoe npe- 
nnmcmeyem u3Menemm moxa.) 

4. 3jccnepHMeHT. 

IlpH 3 aMUKaHHH nenn pa6oTaeT ajieKTpHnecKHH 3 bohok h ropHT He- 
OHOBaa jiaMna, a jiaMna HaKanHBaHH« He ropHT* Ecjih hckjhohhtb H3 ne- 
im 3bohok, to 3aropaeTca jia\ma HaicajiHBaHHJi, a HeoHOBaa JiaMna rac- 
HeT. IloHeMy? (Koada padomaem 360 hok , npoucxodum 3aMuxame u 
pa3MbiKanue tfenu. Bcnedcmeue eo3HUXHoeeum npu 3aMbiKanuu 3JJC 
caMOundyKijuu, Hanpaeneunou npomue 3ffC aeuepamopa moxa, u 6bicm- 
poao 3ameM pa3Muxanm i^enu, - eonocox naMnbi naxanueanm ne ycne - 
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eaem pa3ozpembcn . BosHUKcnoiyax npu nacmoM pa3MbiKanuu 3 hohu- 
mejibHOH no eenmune 3ffC caMOundympm noddepotcueaem zopenue ue~ 
OHOBoii jiaMnbi. Ecjiu ucKjmmimb 3 $ohok, mo e ijenu 6ydem menb nocmo- 
HHHbiu moK, - 3aeopumcH jiaMna HaKcuiueanuH.) 

III. Il0ABe;teiiiie htofob ypoKa 
AoMamiiee la/ianne 
n. 16. 

P - 924; P - 925. 


Ypoic 21. KoHTpojTbHan pa6oTa 

IJejib: npOBepKa 3HaHHH h yMeHHH. 

Xoa ypoKa 

I. OpraHH3auH0HHbiii momcht 

II. TIpoBeaeHHe KOHTpojibHofi pa 6 oxbi 

I eapuanm 

1. CaMOJieT neTHT ropH30HTajibHo co cxopocTbio 1200 km/h. Haw^HTe 
pa3H0CTt noTeHUHajioB, B03Hnxaioinyio Ha xoHuax xpbuibeB, ecjin Bep- 
THKajibHan cocTaBJunomaa HHnyKiiHH MarHHTHoro nojw 3eMJiH paBHa 
5- 10 -5 Tji. Pa3Max xpbuibeB paBeH 40 m. 

2. B KaTyimce HimyKTHBHOCTbio 0,08 Th npoxo^HT tok chjioh 20 A. 
Onpe^euHTe 3/JC caMOHH^yxijHH, Koxopaa B03HHKaeT b xaTymxe npH 
Hcne3HOBeHHH b Heft TOKa 3a 0,002 c. 

3. Karyuixa conpOTHBJieHHeM 100 Om, cocToamafl H3 1000 bhtkob, 
BHeceHa b o^HopoaHoe MarHHTHoe nojie. Hrioiuajib nonepenHoro cene- 
HHa xaacAoro BHTKa paBHa 5 cm 2 . B TeneHHe HexoTOporo BpeMeHH hh- 
ayxuHJi MarHHTHoro nona yMeHbimtnacb c 0,8 Tji ao 0,3 Tji. Kaxoft 3a- 
pJW HHayUHpOBaH B npOBOAHHKe 3a 3T0 BpeM»? 

4. Kaxoft 3 ap 5 W npoft^eT nepe 3 nonepeHHoe ceneuHe BHTxa, conpo- 
THBJieHHeM 0,03 Om, npH yMeHbuieHHH MarHHTHoro noTOxa BHyTpn BHT- 
Ka Ha 12 mB6? 

5. M3 ajiK)MHHHeBoft npoBOJiOKH, ruioma^b nonepeHHoro ceneHHa xo- 
xopoft paBHa 1 mm 2 , caejiaHO xojimo pannycoM 10 mm. nepnetrnHxyjixp- 
ho iuiockocth xojibija 3a 0,01 c BKJHonaioT MarHHTHoe none, y KOTOporo 
HH,ayKHHJi paBHa 1 Tji. HaftTH cpejpiee 3HaneHHe HnayxuHOHHoro Toxa, 
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B03HHKaiomero 3a 3to BpeM« b KOJibue. YjjejibHoe conpoTHBJieHHe ajuo- 
MHHH5I paBHO 2,8* 10" 8 Om*M. 

6. B oflHopoflHOM MarHHTHOM nojie, y KOTOporo hh^ki^h^ paBHa 0,8 Tji, 
npOBOJiOHHbifi bhtok pacnojio>KeH TaK, hto ero iuiockoctb nepneH^HKy- 
jiBpHa MarHHTHOMy nojiio. IlriomaAb nonepeHHoro ceneHHfl npoBOJioHHO- 
ro BHTKa paBHa 100 cm 2 . Bhtok 3aMKHyT Ha rajibBaHOMeTp. IIpH noBO- 
poTe BHTKa Ha yron 90° Mepe3 rajibBaHOMeTp npoxojjHT 3apaA, paB- 
hwh l mKji. Han^HTe conpoTHBJieHHe BHTKa. 

II eapiumm 

1. Onpe^ejiHTe HHayKTHBHocTb KaiyniKH, ecjin h3bcctho, hto cHJia 
TOKa b uenn 3a 0,02 c B03pacTaeT no MaKCHMyMa h paBHa 4 A, C03,aaBafl 
npH 3TOM 3/lC CaMOHH,ayKUHH 12 B. 

2. KaTyuiKa, HMewmaa 100 bhtkob, Haxo^HTca b MarHHTHOM noJie, 
HH^yKuna KOTOporo yMeHbuiHJiacb ot 8 Tji no 2 Tji b TeneHHe 0,4 c. On- 
pe^ejiHTe 3HaneHHe 3J\C HH^yKUHH, ecjiH njioma^b nonepeHHoro cene- 
hhh KaiyuiKH paBHa 50 cm 2 , a ruiocKocTb bhtkob nepneHflHKyjiflpHa ch- 
JlOBblM J1HHHBMH nOJIfl. 

3. npOBO^HHK JJJ1HHOH 2 M H COnpOTHBJieHHCM 0,02 Om /JBHtfCeTCfl B 
MarHHTHOM nojie co cKOpocTbio 6 m/c nepneaaHKyjiapHo chjiobmm jih- 
hhjtm nojifl. HeMy paBHO 3HaneHHe chjim TOKa, B03HHKaiomero b npoBOA- 
HHKe, ecjiH ero 3aMKHyTb HaKopoTKo? HirayKijHfl MarHHTHoro nojia paB- 
Ha 10 mTjl 

4. KaTyuiKa conpoTHBJieHHeM 50 Om h HH^yKTHBHocTbfO 0,001 Th 
HaXO^HTCfl B MarHHTHOM nOJie. npH paBHOMepHOM H3MeHeHHH MarHHT- 
Horo nona nOTOK MarHHTHOH HHAyKIJHH B03pOC Ha 0,001 B6 H CHJia TOKa 
b KaxyuiKe yBejiHHHJiacb Ha 0,1 A. KaKOH 3ap«,a npouieji 3a 3TO BpeMH no 
KaTyuiKe? 

5. PaMKa H3 npoBOjioKH conpoTHBJieHHeM 0,01 Om paBHOMepHO Bpa- 
maeTca b oAHopoflHOM MarHHTHOM nojie, y KOTOporo HHjiyKHHa paBHa 
0,05 Tji. Ocb BpameHH» jiokht b hjiockocth paMKH h nepneH^HKyjwpHa 
J1HHHBM HH^yKUHH. FljIOmaUb paMKH - 100 CM 2 . Onpe^eJlHTe, KaKOH 3apJm 
npofi^eT nepe3 paMKy 3a BpeMH noBopoTa ee Ha yroji 30° (ot 0° ao 30°). 

6. npOBOJiOHHbm bhtok, HMeiomnii njiomaab nonepenHoro ceneHHa 
100 cm 2 , pa3pe3aH b HeKOTopon tohkc, h b pa3pe3 BKJHoneH KonzieHcarop 
eMKocTbio 40 mkO. Bhtok noMemeH b o^HopoflHoe MarHHTHoe nojie, 
JIHHHH HHUyKUHH KOTOpOTO, nepneailHKyjHIpHbl nJIOCKOCTH BHTKa. Hh- 
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ayKUHfl MarHHTHoro nojw paBHOMepHo H3MeHaeTCfl Ha 0,01 Tji 3 a 1 c. 
HaH^MTe 3apjj,a KOH^eHcaropa. 

PeKOMenduHuu k npoeepne: 

OueHKa «3» - 3a 3a^aHH Ns 1, 2; 

OueHKa «4» - 3 a 3a^anH JNT« 1, 2, 3 mw Ns 1, 2, 4; 

OueHKa «4» - 3a 3a#anH Ns 3, 4, 5 hjih X® 3, 4, 6. 

YMeHHK caM BtiSupaeT 3a^a4H. 

III. IIo^Be^eHHe.HToroB paOoTW 

JJoMaiiiHee 3aAamie 

n. 17. 




KOJ1EEAHMH M BOJIHbl 
Tiiasa 3. MexaHMHecKHe KO/ie6aHMH 

ypOK 22. ^HHaMHKa CB060AHUY KOJ1c6aHHH 

[fejlb: BLJJ 1 CHHTB, OT Hero 3aBHCJTT CBo6oAHWe KOJie6aHHJI npy»CHHHO- 
ro Meurnonca. 

Odopydoeanue : aepTKaxejiH Ha npyaauiax, mraTHBU, cexynnoMep 
HJIH MeTpOHOM, HaftoptJ rpy30B. 

XoAypoic a 

I. OpraHHiaHHOHiiUH momciii 

II. HayneHHe Hoeoro MaTepHajia 

MexammecKue kojicCkihuk - 3to ;iBHaceHH«, Koropue tohho hjih npH- 
6J1H3HTCJIBHO IlOBTOpJUOTCJI HepC3 OnpefleJieHHMH HHTepBaJl BpeweHH. 

BbiHyycdeHHbie KOJicSatmn - 3TO KOJie6aHH«, KOTopwe npoHcxojurr 
nojj ^e&CTBHeM BHeuiHefi, nepHojxHHecKH H3MeiunomeHc» chjibi. (/Jbh- 
xceHHe Hrjibi iubchhoh ManiHHKH.) 

Ceo6odHbie KOJieOanwi - 3to KOjie6aHna, Koropbie npOHcxozurr b 
c were Me no a achctbhcm BHyrpeHHHX chji, nocne Toro icaic cHcreMa 6buia 
BBiBe^CHa H3 COCTOHHHX paBiioBccHfl. (Kojie6aHH» Maannuca HaCOB, Ka- 
nejiH.) 

StccnepuMeHtn 1 

JjeMOHcmpaifUH Kcme6amejibUbix cucmeju 

ripjOKHHHLIH MaXTHHK, KOJie6aHHe H3T5IHyTOH BCpeBKH, MaTCMaTHHe- 
CKHH MaaTHHK, KaHOHH HeCKHH MaXTHHK, ABHXeHHe TfCHflKOCTH B U- 
o6pa3HOH Tpy6xe. 

*Ito o6mero y Bcex KOJie 6 aran»Hux chctcm? 

YcJIOBIU B03HHKH0BeHH» MeXHHHHeCKHX KOJie6aHHH! 

1. HajiHHHe nojioxcemui ycroHHHBoro paBHOBecH», npn xoropOM 
paBHOAeifCTByiomaJi paBHa Hyjno. 

2. Xotji 6u OAHa CHjia /jojn«Ha 3 aBHcen» or KoopjjHHaT. 

3. HajiHHHe b KOJie6jnomeHca MaTepwajiBHOH ronxe h36utohhoh 
3HepFHH. 

4. EcJIH TCJIO BbIBeCTH H3 nOJIOXCeHJW paBHOBCCHH, TO paBHO^eHCT- 
Byioinaa He paBHa Hyjno. 

5. Chjibi TpeHH» b chctcmc Majiu. 

PaccMorpHM ^BH^ceHHe Tene)KKH MaccoH ot, npHKpenjieHHOH k Bep- 
THKajiBHoif creHice npyacHHOH, xcecncocrbio R. 
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npH pacTJDKeHHH npyacHHbi Ha x Q = A (aMn^HTy^a) Ha xeno HanHHa- 
eT ^ewcTBOBaTL CHJia ynpyrocxH, Koxopaa cxpeMHxca BepHyxb xejio b 
nojioaceHne paBHOBecna, ho nonjia ho noxioaceHHa paBHOBecna, b koxo- 
poM CHJia ynpyrocxH paBHa Hyjno, xejio HaHHHaex cacHMaxb npyacHHy. 
npw cacaxHH npyacHHbi noaBjiaexca B03pacxaioiuaa CHJia ynpyrocxH, Ha- 
npaBJieHHaa k nonoaceHHio paBHOBecHH. 


JJeMoncmpaijUH 

Ha xejieacxy npHKpenHJiH (fmoMacxep, non xeneacKy nonoacnjiH KycoK 
BaxMaHa. BbiBeneM xeJieacxy H3 nojioaceHna paBHOBecna, h onHOBpeMeH- 
ho 6yneM HBnraxb BaxMaH Ha ce6a. Hxo ace yBHHHM? 

YBHaHM JIHHHIO, XaK KaK XeJIOKKa ABHaceXCH, 3HaHHX, H3MeH«eXCH KO- 
op^HHaxa. JIhhhh 6ynex Bbipaacaxb 3aBHCHMocxb KoopnHHaxbi ox BpeMe- 
hh. Ha BaxMaHe 6ynex KOCHHyconna. 

CBo6onHbie KOJieSaHHa npyacnnHoro MaaxHHKa aBJisioxca rapMOHH- 

MeCKHMH. 

3aBHCHMOCXb Koop^HHaxbi ox BpeMeHH mo>kho 3 anHcaxb: 

X = A COS CO Q t HJ1H x - x M cos co Q i . 

A hjih x M - aMminxyna - MarHHXHoe oxKjioHeHHe ot nojioaceHna 
paBHOBeCHH. 

Tax KaK KOCHHyc H3MeHaexca ox -1 no 1, xo xoopHHHaxa jieacnx b 
npoMeacyxKe: -A < x < A . 

Taxon BejiHHHHofi Moacex 6bixb He o6a3axejibHO KoopnHHaxa, naBjie- 
HHe, CHJia xoxa h x. r. 


(Oq - uHKJiHHecKaa nacxoxa. 

HafineM nepwon no II 3axoHy HbioTOHa: 


ma. = F 


ynp > 


F = -k 

1 ynp 


-mco] A cos coj = ~kA cos a) 0 t ; 
ma>l = k ; 

=» r.S.2 *J?. 

V m O) »o V k 


nepHO£ onpenejiaexca acecxKocxbio npyacHHbi h Maccon, xo ecxb co6- 
cxBeHHUMH xapaKxepwcxHKaMH Kone6axeabHOH cncxeMbi. 


J\asicc ynamneca oxKpbmaiox yne6HHK Ha c. 1 73 h nocae nponxeHna 
xeMbi «3Hepn*a cboSohhmx KOJie6aHHH» nonacHbi oxBexHXb Ha Bonpoc: 
KaK nojrnaa MexaHHnecKaa 3Heprna rapMOHnnecKHX KOJie6aHHH 3aBHcnx 
ox hx aMnjiHiy^bi? 
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III. 3aKpenjieHHe H3yneHHoro MaTepwajia 

OpOHTaJlbHLIH 3 KCnepHMeHT: 

1 . Co 6 epHTe npy>KHHHbIH MaHTHHK. 

2 . H 3 MepbTe ero nepnoA* 

3 . 3Haa Maccy rpy3a, paccHHTaHTe acecTKOCTb npy>KHHbi. 

4. rionyHeHHbiH pe3yjibTaT npOBepbTe no 3axoHy TyKa. 

IV. PeuieHne 3aAan 


3adaua M 1 

KoopAHHaTa KoneOjnomeroca Tena H3MeHaeTCH no 3aKOHy: 
jt-5cos;r/. He\ty paBHa aMnjimyAa, nepnoA n nacTOTa KOJie6aHHH, 
ecjin b cJ)opMyne Bee BenHHHHU Bbipa>KeHbi b eAHHnuax CH? 


,|ano: 

JC = 5 COS Kt . 

A-l 
T - ? 
v-1 


PemeHHe: 

ConoexaBHM ABHHblH 3 aKOH H 3 MeHeHHfl KOOpAHHa- 
TbI C 3 aKOHOM rapMOHHHeCKHX KOAeSaHHH. 

. 2 71 c 

x=/4cos /; jc = 5 cos;t/. 

T 


Bhaho, hto MHO^cnrejib A nepeA KOCHHycoM ecTb aMnnmyAa Kone- 
6 aHHH, cneAOBaTeAbHo, aMnjiHTyAa KOJieSaHHH Tena paBHa 5 m, Tax xax b 
A aHHOM 3 axoHe 3 TOT MHO^KHTenb paaeH 5. 

MHO^cHTenb nepeA BpeMeneM t noA 3HaxoM KocHHyca b oSewx <j>op- 
Myjiax OAHHanoB, nocKOJibxy AaHHoe ABH>KeHne Tena HBAaeTca Taioxe 
rapMOHnnecKHM Kojie 6 aHHeM. 


ll 03 T 0 My = t , oTKyAa T = = 2 c. ^acTOiy KoneSaHHH HanAeM 


no <()opMyne: v = — => i/ - — = 0,5 Tu. 
ipmeem: A = 5 m; T = 2c; v = 0,5 Tu.) 


3adana M 2 

ypaBHeHHe ABn^eHna rapMOHHnecKoro Kone6aHHH HMeer bha 


jc = 0,02 cos— «/ . HantH KoopAHHaTbi Tena nepe3 0,5 c; 2 c. Bee Bejin- 
HHHbi b (J>opMyjie Bbipa>KeHbi b eAHHHuax CH. 


flaHo: 

jc = 0,02cos— . 
2 


*.-? 

x 2 -? 


PemeHHe: 


K 


x, = 0,02 cos y/,TorAanpH t x -0,5 c: 

x, = 0,02cos— • 0,5 = 0,02 cos— • — = 0,02cos 
1 2 2 2 


n 
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cos— = cos 45° = — « 0,7 . 

4 2 

Tor^a jcj = 0,02 * 0,7 = 0,014 m = 1 ,4 cm; x 2 npH t 2 = 2 c: 
jc 2 = 0,02 cos— 2 = 0,02 cos /r = 0, 02- (-l) = -0,02 m. 

( Omeem : = 1 ,4 cm; x 2 = -2 cm.) 


3adana 3 

HanHiiiHTe 3axoH rapMomnecicoro KOJie6aHH« rpy3a Ha npyacHHe, 
ecJiH aMiuiHryj^a KOJie6aHHH 80 cm, a nacroTa KOJie6aHHH 0,5 Th. 


Asho; 

A = 80 cm = 0,8 m 

v = Q,5ru 


*(0-? 


PeineHHe: 

4 2 ^- 

jc = ylcos 1 . 

T 


1 cnoco6: 

r=-, T .e. r=— 
i/ 0,5 



2k 

jc = 0 , 8 cos / hjih jc = 0 , 8 cosjt-/. 

2 

2 cnocod: 

_ l , Ik 

T — — , to x = i4cos — — t - A cos 2 7rvt ; 

v/ 1 


v 

jc = 0,8cos2;T'0,5/ hjih jc = 0,8cos^-/. 
(Omsem: jc = 0,8cos;r*f .) 


3adava A? 4 

IIojiK3y*ci> rpa(f)HKOM h3mchchhsj KOopAHHaTbi KOJieOjiioiuerocfl Tejia 
or BpeMeHH, onpeaejnm aMnjnrry.qy, nepHOA h Hacrory KOJie6aHHH. 
3axiHcaTL ypaBHeHHe 3aBHCHMOCTH x(t) h huhth Koop/iHuaTy Tejia nepc3 
0,1 c h 0,2 c nocjie Havana orcqera BpeMetw. 

(Omeem: A = 0,3 cm; T = 1,6 c; v = 0,625 lie v = 0,625; 
x(t) - 0,3 cos 1,25 jit; Xi « 0,28 m, x 2 ~ 0,21 m.) 

V. IIoabcjichhc nrroroB ypOKa 

AoMatunee ^anne 

n. 18-19,20,21. 
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y P 0K 23. PeiueHue 3 a a an no TeMe 
«MexaHHHecKne KOJie0aHHH» 

IJenu: pa3BHTwe HaBMKOB caMocTOHTejitHOH pa6oTLi; OTpaSonca Me- 

to^ob peuieHHa 3a^an. 


Xoa ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II. PeiueHue 3 a^an 

3adauu na «3» 6ajma 

1. rpy 3 , no^BemeHHMH k npyxcHHe, coBepmaeT 10 KOjieOaHHH b mh- 
HyTy. Onpe^ejiHTe nepHojj KOJie 6 aHHH, nacTOTy h xccctkoctb npyacHHbi, 
ecjiH Macca rpy 3 a - 0,6 ki\ ( Omeem : 6 c; 0,17 Tk; 0,67 H/m.) 

2 . KaK OTHOCJITCB .ftJIHHbl MaJITHHKOB, eCJlH 3 a OJJHO H TO )Ke BpeMfl 
nepBMH MaaTHHK coBepuiHJi 30 KOJie 6 aHHH, a btopoh - 1 5 KOjie 6 aHHH? 
(Omeem: 4:1.) 

3. MaTeMaTHHecKHH mb^thhk .hjihhoh 98 cm coBepmaeT 3a 2 MHHyTw 
60 nojiHbix KOJie6aHHif. OnpeaejiHTe nacTOTy, nepHo# KOJie6aHHH h yc- 
KOpeHHH CBo6o,aHoro na^eHHa b tom Mecre, rae Haxo^HTca MaaTHHK. 
(Omeem: 2 c; 0,5 Tu; 9,7 m/c 2 .) 

4. KaK OTHOCBTCH MaCCbl RByX npy)KHHHMX MaBTHHKOB, KOJie 6 jlIO- 
luhxcb Ha o^HHaKOBbix npy>KHHax, ecjiH 3 a ojjho h to ace BpeMH nepBbiH 
coBepuiHJi 10 KOJie 6 aHHH, a BTopofi - 40 KOJie 6 aHHH? (Omeem: 16:1.) 

3adanu na «4» 6a.ua 

1 . O^hh MaBTHHK HMeeT nepHOfl 5 c, Apyrofi 3 c. KaKOB nepHOA ko- 
neOaHHH MaTeMaTHHecKoro MajiTHHKa, AJiHHa KOToporo paBHa pa 3 HOCTH 
jjjthh yKa3aHHbix Ma^THHKOB? (Omeem: 4 c.) 

2 . ^acbl C MaflTHHKOM AJIHHOH 0,5 M 3a CyTKH OTCTaiOT Ha 30 MHH. 
Hto hzjxo c^ejiaTb c mbbthukom, HTo6bi nacw He OTCTasajiH? (Omeem: 
y MeHbiiiHTb flJiHHy Ha 2,1 cm.) 

3 . Hacw c MaHTHHKOM ajihhoh 1 m 3 a cyTKH cnernaT Ha 1 Mac. ^to Ha- 
£o c;jejiaTb c MaHTHHKOM, HTo 6 bi nacbi He cneuiHJiH? (Omeem: yBejin- 
HHTb .AJIHHy Ha 8,4 CM.) 

4. Kax H3MeHHTCH nepHO/i KOJie6aHHH MaTeMaTHnecKoro MaaTHHKa 
npH nepeHeceHHH ero c 3 cmjih Ha Mapc? Macca 3 eMJin b 9 pa3 Gojibuie 
Maccw Mapca, a pa^wyc 3 eMJiH b 1,9 pa3a 6ojibuie pa^nyca Mapca. (Om- 
eem: y BenHHHTca b 1,6 pa3a.) 

3adanu na «5» dajvioe 

1 . KaK H 3 MeHHTCH nepHO,n Koue 6 aHHH MaflTHHKa npH nepeHeceHHH 
ero c 3 eMjiH Ha Jlyny? Macca JlyHbi b 81 pa 3 MeHbiue Maccbi 3 eMjin, a 
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pa^nyc 3eMJiH b 3,7 pa3a 6ojitme paAHyca JlyHbi. ( Omeem : YMeHbiiiHTCfl 
Ha 2,1 cm.) 

2. C KaKHM ycKopeHHeM w b KaKOM HarrpaBJieHHH AOJOKna ABHraTbCA 
Ka6HHa, hto6h HaxoAflmHHCfl b Hefl ceKyHAHbiH mbjithhk 3a BpeMA 2 mhh 
30 c coBepuiHJi 100 KOJie6aHHH? {Omeem: 5,4 c.; ABHflceHHe bhh3.) 

3. Ha icaicyio nacTb Hano yMeHbiiiHTb zuniny MaxeMaTHqeCKoro Maflr- 
HHKa, HTo6bi nepnoA KOJie6aHHH MaaxHHKa Ha BbicoTe 10 km 6lui paBeH 
nepnoAy ero KOjieOaHHH Ha no bcpxhocth 3cmjih? Pa^wyc 3eMAH 6400 km. 
(OTBex: 0,0031.) 

4. H3 A»yx MaxeMaTHHecKHx MaflTHHKOB oahh coBepmitri 10 KOJie6a- 
hhh, a Apyron 3a to ace BpeMA 6 KOjie6aHHH. HafiTH jyiHHy Ka^Aoro meat- 
HHKa, ecjiH cyMMa hx ah hh paBHa 42,5 cm. {Omeem: 1 1, 25 cm; 3 1,25 cm.) 

3adanu noebiuieimou mpydHoemu 

1. IIpyHCHHHBIH MaflTHHK COBepUiaeT KOCHHyCOHAaJIBHbie KOJie6aHHfl 
nocne Toro, KaK ero Bbraejm h 3 noAoaceHHA ycTOHHHBoro paBHOBeenfl. 
Hepe3 cko jit ko BpeMeHH b aojiax nepHOAa KHHeTHHecKaa 3HeprHA cpaB- 
HfleTca c noTeHunajibHOH? {Omeem: t = 1/7 T.) 

2. npyacHHHbiH MaflTHHK coBepmacT CHHyeoHAajibHbie KoaeOanra no- 
cae Toro, KaK ero Bbraejm H3 nojiOAceHHA ycTOHHHBoro paBHoeecHA. Onpe- 
AOJiHTe cooTHomeHHe MeacAy KHHeTHHecKoii 3HepmeH h noreHUHajitHOH 
3HeprweH MaflTHHKa nepe3 1/8 nepHOAa nocjie Hanajia KOJie6aHHH. {Om- 
eem: 1:1.) 

III. IIoABeAeHHe htotob ypoica 

Maumee 3aAamfe 

P-411, P-412, P-413, P-414. 


ypoK 24 . Bbmy?K3eHHbie koacOiuiuh. Pe30HaHc 

Ifejib: c(J>opMyjiHpOBaTb noHArae «pe30HaHc»; OTpHaaTejibHbie bo 3 
AeHCTBHfl pe30HaHca. 


Xoa ypoKa 

I. OpraHH3ai|HOHHbIH MOMeHT 

II. IIpoeepKa AOMaiimero JanamiH, noniopeiine 

- npHBeAHTe npHMepbi 3aTyxaiomHx KOJie6aHHH. 

- onpeAeJieHHe 3axyxaiomHM KOJie6aHHflM. 

- ripHBeAHTe npHMepbi anepHOAnnecKoro abhacchha. 

- npH KaKOM yCJIOBHH B03HHKai0T anepHOAHHeCKHe ABHACeHHA? 

- Hto TaKoe CTaTHHecKoe cMemeHHe? 



ypoK 24 . BbiHyxdeHHbie KoneGaHua. PeaonaHc 
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IIL H3yneHHe Hosoro Maxepnajia 

Hap^my co cbo6o^hwmh KOJic6aHRHMH, rrpoHCXo^fliUHMH no# xieHcx- 

BHCM BHyipeHHHX CHJI, B CHCTeMe B03M0XCHH KOJie6aHWJI, BbI3BaHHbie 
nepHOAHnecKOH BHeumen chjioh. 

BwHyxc^eHHBie KOjie 6 aHna nponcxoAJiT noA /tewcTBwew bhcuihch ne- 

pHO^HHeCKOH CHJIbl. 

nycToe Teno coBepmaeT no# ^encTBneM nepno^HHecKon chum: 

F x = F 0 cos cot ; 


Q- — ' coscot; 

m m 


— ~a 0 - aMiuiHTy^a ycKopeHHa Tena. 
m 

Koop^HHaTa H3MeH«eTca no 3aKOHy x = A cos cot . 

XtHJI rapMOHHHCCKHX KOJie6aHHH A = , A = . 

co m cor 

rfi tit 

HaitneM aMnjiHiyjjy BbmyxcaeHHbix KOjie6aHnn npyxcmraoro mbxt- 
HHKa no II 3aKony HbioTOHa: 

ma x ~k x + F 0 cos cot ; 

a x = -co 2 A cos cot ; 

-mco 2 A cos cot - - kA cos cot + F 0 cos cot ; 


k = mco 2 ; 


A = 


K 


\m(co 2 -co 2 )\ 

U 3 3 Toro cjie/jyer, hto aMiuinTyaa KOJie 6 aHHH 3 aBHCHT ot nacTOTbi 
Bbrny^aiomeH chum, 

Ecjih nacTOTa BbrnyxcAaiomen chjibi Meubuie mbctotbi coSctbchhux 
KO ue 6 aHHH co < co 0 , to npn yBe.iHHeHHH nacTOTbi co pa 3 H 0 CTb - co 2 ) 
yMeHbmaeTca. 

npn nacTOTe co<co 0 aMnjiHTyjja Bbmy>KaeHHbix KOJie 6 aHHH yBejin- 
HHBaeTCfl c pOCTOM laCTOTBI. 

p 

npn co»co 0 A * s — ~ . 

mco 

AvfnjiHTyna Bbinyxc^eHHbix KOJie 6 aHnn oCpamo nponopunoHajibHa 
KBanpary nacTOTbi co, aMnjimyzja BbmyHcfleHHbix KOjie 6 aHHn y 6 biBaeT c 
pOCTOM qaCTOTbl. 


3 B. A. Boakob 
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HeMoncmpauM h pesonahca ManmnuKoe 

Ecjih nacTOTa BbiHyaczjaiomHx chji npH6jiH3HTejibHO paBHa nacTOTe 
Co6CTBeHHbIX KOJieGaHHH, TO 3HaMeHaTeJlb CTpeMHTCH K HyjllO. B 3TOM > 
cjiynae aMiuiHTyaa KOjie6aHHH pe3ico B03pacTaeT. 

Pe30HaHc - pe3Koe B03pacTaHHe aMnjiHTyabi BbiHync^eHHbix KOJie6a-* 
hhh npH coBna^eHHH nacTOTbi BHeumeH chjim c hbctotoh coSctbchhuX; 
KOJie6aHHH CHCTeMbl. 

n P H pe30Hance BHeiumifl cwia aewcTByeT chhxpohho co cboSoahm- .] 

MH KOJieSaHHHMH CHCTeMbl. ] 

MHorne <})H3HHecKHe o6i»eKTbi, o6jiaaaa onpeaejieHHOH ynpyrocTbio, j 
MoryT coBepmaTb co6cTBeHHbie KOJie6aHH5i. rioaTOMy BHeuiHee nepwo- 
aHHecicoe B03^eficTBHe Ha hhx MoaceT 0Ka3aTbc« pe30HaHCHbiM. H3yne- 
HHe pe30HaHca no3BOJweT H36eHtaTb oTpHuaTejibHbix nocne^cT- 

bhh 3thx B03^eHCTBHH } h Hcnojib30BaTb 3HepreTHHecKHe pecypcbi pe30- 
HaHCHbix npoueccoB. 

Xopomo H3BCCTHO, HTO RJM npeKpameHH« paenjieCKHBaHHfl BO/lbl B 
Beape Heo6xO^HMO H3MeHHTb TeMn XO£b6bI. IIpH 3T0M H3MeH5ieTCfl nac- 
TOTa BHeiUHeH CHJlbl. 

npH 3 eMneTpHceHHBX pa 3 pymaK)Tcn 3 ^aHHJi o/tKHaicoBOH BbrcoTbi, Tax 
xax hx coScTBeHHaa nacTOTa Ko;ie6aHHH onpeaejiaeTca bwcotoh h cob- 
naaeT c hbctotoh KOJieSaHHB noHBbi. 

ilBJieHHe pe30HaHca no3BOJifleT c noMombio cpaBHHTeabHo Majiofi ch- 
jih nojiyHHTb 3HaHHTeJibHoe yBejiKHeHHe aMnjiHTyflbi KOJie6aHHH. (Hc- 
noiib 3 yeTcji b ropHoaoSbraaiomeH npoMbinuieHHOcTH.) 

IV. 3aKpenjieHHe myneiiHOro MarepHa.ia 

- Hto Ha 3 biBaeTca pe 30 HaHCOM? 

- KaxoBO yc;ioBHe pe30HaHca? 

- HanepTHTe pe30HaHCHbie KpHBbie. 

- ripHBe^HTe npHMepbi BpeaHoro h no;ie3Horo npoflBjieHHfl pe30- 

HaHca. 

V. npoBeaeHHe JiafiopaTOpHoii paoo i bi 

JlaOoparopHaw paoo ra no Teivie 

«Onpe,aejieHHe ckopocth 3B\Ka npw noMomn pesoHaHCHoft Tpy6bi» 

npH6op, npHMeHaeMbiH b otoh pa6oTe, noxa3aH Ha pnc. 22 . 



Puc. 22 
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Pe30HaHCHaji Tpy6a npe^craBJiaeT co 6 oh ^JiHHHyio y3Kyio Tpy6y A , 
coeflHHemiyio c pe3epByapoM B nepe3 pe3HHOBUH naTpy6oK. B o6ewx 
Tpy6ax HaxoflHTca ao^a. Kor^a B nofliurr, ;uiMiia B03^yuiHoro cTOji6a b 
A yMCHbniaeTCfl, a Kor.ua B onycKaerca, AJiHHa croJi6a B03Ayxa b A yse- 
jtHHHBaerca. noMecnrre KOJie6jiiomHHca KaMepTOH CBepxy A y Kor.ua 
/uiHHa croJi6a eo'yjyxa b A npaKTHMecKH paBiia Hyjiio. Bw hc ycjiuiiiHTe 
HHKaxoro 3ByKa. Ilo Mepe yBCJiMHeHmi ;xjihhlj croji6a Boa^yxa b A bu 
ycjiuiuHTe, xaK 3Byx ycHJiHBaerrca, AOCTHraer MaxcHMyMa, a 3aTCM Ha- 
MHHaer 3axHxaTb. TIobtophtc 3Ty npoue^ypy, peryjiHpya B tbkhm o6pa- 
30M, 4to6w /uiHHa B03^yimioro crojiGa b A /laaajia MaxcHMa/ibHUH no 
CHJie 3 ByK. 3areM 3aMepbTC ;yiHHy J 1 croji6a Boazjyxa. 


XJ4 

M 

i, » 

3/4X 

t 

N 


1 


>r 


Puc. 23 


I poMKHB 3ByK cuiduieH noxoMy, mto co6cTBeHHaa nacrroTa croji6a 
B03^yxa ajihhoh Ji paBiia co6ctbchhoh nacTore KawepTOHa, h no3TOMy 
B03^yuiHUH ctoji 6 KOJie6jieTC5i b yrnicoH c hhm. Bu Hainan nepBoe no- 
jioxceHHe pe 30 nanca. OaKTHHecKH /yiHHa KOJie6jnomerocfi B03^yxa ne- 
ckojikko 6ojibine croji6a aoaayxa b A. 

Hxaic, “A = J x rl . 

JljTHHa / - 3 to AonojiHirrejibHasi AJiHHa, KOTopaa ^ojmHa 6brrb Ao6aB- 
jieHa k juiHHe croJi6a Boaflyxa J\, hto6u nojiynim 6ojiee TOHHyio /yiHiiy 
Kojieftrnomerocji Boa^yxa* 3Ta nonpaBKa Ha3usaerrcji KpaesoH Koppex- 
UHeif. 

Ecjih bu onycnme B eme inoxe, Tax hto 6 u ;uiHna Boa^yuiHoro ctoji- 
6a yBejiHHHiiacb, to Haw^eTe ^pyroe nojioaceHHe, b xoropoM 3 ByK aocth- 
raer waxcHMajibHOH chjiu. Tomho onpe/iejiHTe 3 to noaoxemie h H 3 Mepb- 
re J 2 AJiHHy croj]6a Boa^yxa. 3 to - BTopoe noJiotfceuHe pe 30 HaHca. KaK h 
npeame, BepinHHa Haxo^HTca Ha oncpuTOM xohuc Tpy 6 u, a y 3 CJi - Ha 
noaepxHocTH boau. 3 to momcct 6uTb AocinrHyTo TOJibKo b cjiynae, KO- 

vm AJiHHa croji6a Boaayxa b Tpy6e npH6jiw3HTejibHO cocraBJiaeT — /yin- 


HU BOJIHU 



. KpHBaU KOppCKURH OCT3CTCB TBKOH XCC, KaK H IipOK/lC, 


no3TOMy —A = J 2 tl. 


3 * 
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BbiHHTaHMe Jinyx 3aMepoB zjaex: 

4 4 ■ 2 K 1 ; 

~A = J 2 - J\ h nonpaBKa coKpamaexca. 

Hxaic, 

C = fX = f- 

r%e f - nacxoxa KaMepxoHa. 3xo 6bicxpbiu h flocxaxoHHO tohhbih cno- 
co6 onpe^eneHHfl cicopocxH 3ByKa b B 03,nyxe. 

VI. IIOABeACHHe HToroB ypoKa 

^OMauiHee 3a^aHHe 

n. 22. 

P -414; P -415. 


ypoK 25. Kojre6aTejii>Hasi cwcTeMa 
non ^eiiCTBHeM BHeiUHHx chji 

IJejib : ^axb xapaKxepwcxHKy CBo6o^Hbix KOjie6aHHH. 

Xoji ypoKa 

I. OpramoauHOHHMH momcht 

II. IIpoBepKa AOMauiHero 3aaaHHH, Bonpocbi ajih noBTopemw 

- FIpHBeflHxe npHMepbi BbiHy^AeHHbix Kone6aHHH. 

- Kaicne KOjie6aHH« Ha3biBaioxcH BbiHyHcaeHHbiMH? 

- Hxo xaxoe nepnoa? 

- Hxo xaKoe aMiuinxyaa? 

- Ox Hero 3aBHCHX nepno,u npyacHHHoro MaaxHHKa? 

- Ka k 3aBHCHX nojiHaa MexaHHHecKaa aHepruji ox aMiuinxyzibi? 

III. H3yneHHe HOBoro Maxepwajia 

1 . JJeMOHCXpaHHfl. MaxeMaXHHeCKHH MaflXHHK. IlpytfCHHHblH MaJIXHHK. 

- Hxo Mbi bh/jhm c xeneHHeM BpeMeHH? ( YMenbiuenue aMwiumydbi . 
KojieSanm cmanoenmcM 3amyxaiou(imu. 3amyxaiou{ue KonedanuR - 
KOJie6amix , aMnnumyda Komopbix yMenbiuaemcH c menenueM epe~ 
Menu .) 

- rioneMy yMeHbiuaexcfl aMiuiHxyaa? ( MexanunecKoe deuotcenue co- 
npoeojtcdaemca mpemieM. AMnnumyda nanpaejiena e npomueono- 
JioofcnyK) cmopony nepeMeufeuuR ManmnuKa, coeepuiaem ompuifa- 
mejibnyio pa6omy. Tlpu yeenunenuu mpenm conpomue- 




ypoK 25. Kone6amenbHan cucmeMa nod deucmeueM eHeuiHux cun 
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nenue deuotcenwo 0Ka3bieaemcH cmojib 3HcmumejibHbiM t nmo ebiee- 
denubiu U3 noJioDfceHM MaxmnuK, mepxx 3nep2Ufo, Mootcem ne 
npoiimu nonoofcenue paenoeecun. IJododnoe deuDfceuue na3bieaem~ 
ch anepuoduHHbiM (npuMennemcn e cneiiuaubHOM ycmpoucmee dnn 
2aiuenuA KOJie6anuu Ky3oea aemoMo6ujin - aMopmmamope).) 

riycTb Ha npyjKHHHbiH MaaTHHK AewcTByeT cwjia F 0 nocToaHHaa, Ha- 
upaBjieHHaH baoab och X. TIpH pacT5DKeHHn npy>KHHBi cwjia ynpyrocTH 
KOMneHCHpyeT 3Ty CHjiy: 



CTaTHHecKoe cMemeHHe - H3MeneHHe nojioKeHHa paBHOBecHfl Kojie- 
6aTeJlBHOH CHCTeMBI nOA ACHCTBHeM nOCTOAHHOH chabi: 



H3Mep«5i CTaTHnecKoe CMemeHHe npyacHHBi c H3bccthoh >xecTKO- 
ctbk), MoacHO onpeAeAHTB Maccy TQsia , noABeuieHHoro Ha npyacHHe. 

2. IlpoBeAeHHe Aa6opaTopHon pa6oTBi. 

JIa6opaTopHasi pa6oTa no Teivte 
«M3yHeHne ceoGoAHbix KOJie6aHHH» 

Ifeiib : HCCAeAOBaHHe bahahha chabi TpeHna h aMnAHTyABi Ha nepHOA 
CB060AHBIX KOAe6aHHH. 

06 opydoeanue : npoHHaa hhtb, hc6oabujoh rpy3HK, nacbi. 

Xoa pafioTW 

IIoABecBTe rpy3 Ha AByx hhthx ajihhoh okoao MeTpa. Otkaohhtc 
HHTB OT BepTHKaAH Ha yrOA npH6AH3HTeABHO 20-30°. 

OnpeAeAHTe hhcao KOAe6aHHH h BpeMa, 3a KOTOpoe aMiiAHiyAa 
yMeHBLUHTCJi b HexoTopoe hhcao pa3, HanpHMep, B 2 pa3a. 

riOBTOpHTe 3KCnepHMeHT, OTKAOHHB nepBOHanaABHO MaATHHK Ha 
paccTOHHHe X max , h CHOBa onpeAeJMTe hhcao KOAe6aHHH h BpeMa 

x 

yMeHbiueHHfl aMnAHTyABi b 2 pa3a, to ecTB ao bcahhhhbi . 

4 

Pe3yABTaTBi H3MepeHHH 3anHinnre b TaoAHiiy: 
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YAanocb jim BaM o6HapyjKHTb 3aBHCHMOCTb BpeMeHH oflHoro icojie6a- 
hha ot aM runny au? 

yKpennre Ha AByx hhtax c noMpmbio cicpenoK jihct 6yMarn imoma- 
AbK) 1-2 am 2 . FTpoAeJiaHTe aHajionfHHyio cepmo onbiTOB. 

y^ailOCb JIH BaM o6Hap>OfCHTb BO BTOpOH CepHH OnbTTOB 3aBHCHMOCTb 
epeMeHH OAHoro KOJieGaHHfl or aMiuitnyAbi? 

yAariocb jih BaM o6Hapy>KHTb bjihahhc conpoTHBjieHHA Ha BpeMfl oa- 
Horo KOjie6aHHH? 

Onuru, aHajiorHHHue TeM, KOTopue bu npoeejiH, h TeopeTHHecKHH 
anajin3 cbo 6 oahhx KOJie6aHHH noica3biBaioT cjieAyiomee: 

a) BpeMfl OAHoro icojie6aHHfl npn AOcraTOHHO Majiux aMiuiHTyAax 
He 3aBHCHT OT aMIUlHTyAbl. 


Puc.24 

3to BpeMfl Ha3biBaercfl ycjio*HbiM nepuodoM . (Cjiobo «ycjioBHMH» 
Hcnojib3yeTCfl ahh toid, hto6u noAnepKHyTb, hto nepe 3 BpeMfl T Tejio He 
B03Bpamaercfl b npeacHee cocrosHHe.) 

6) CTeneHb 3arryxaHHfl xapaicrepH3yeTca bcjihhhhoh r («ray»), 
KOTOpafl Ha3biBaercfl speMeneM pejuuccai^uu. 

BpeMii pejiaxcamfH r - BpeMfl, 3a Koropoe aMiunnyAa KOJie6aH«H 
y6biBaer b e = 2,7 pa3. 

b) BpeMfl pejiaKcaitHH no3BOJifler onpeAejiHTb Koa^HuneHT co- 
npOTHBJieHHfl p B (J)OpMyjie A HA CHJlbl COnpOTHBJieHHfl. 

Famp = ~P U ■ 

Hmchho p = , rAe m - Macca Kojiefwnomerocji Tejia. 

r 

IV. IIOABeACHHe HroroB ypoica 

^OMamuee ^aune 

n. 22, 23, 24. 
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ypoK 26. Jla6opaTopHa» pa6oTa no Tewe 
«H3MepeHne ycKopemifl ceofio^Horo naaenaa 

c noMomi»io Ma«THHKa» 


IJeiib: BMHHCjiHTL yctcopeHae CBo6o^Horo naaeHaa c noMombio 
4>opMyjiu jxjiji nepao^a KOJieOaHaa MaTeMaTanecicoro MaHTHaica. 

r - u £- m 

JX Jia 3 Toro Heo 6 xo^aMO a 3 Mepan> nepao# KoneOaHaa a £jiaHy no,a- 
Beca MaiiTHHKa. Toryja H 3 (JjopMyjiti (1) mo>kho bmhhcjihtb ycKopeHae 
CBo6oAHoro na^eHaa: 



( 2 ) 


Cpedcmsa lOMepenun: aacM c cexyHAHoa CTpejiKoa; a3MepaTem>Hafl 
jieHTa (Ax = 0,5 cm). 

Mamepiuuibi: rnapax c OTBepcTaeM; HaTt; iiiTaTaB c My<trroa a kojil- 
uom. 


Xoa pa6oTbi 

1. YcTaHOBaTe Ha Kpaio cTOJia iirraTHB. y ero BepxHero Konma yKpe- 
naTe npa noMonja My<t>™ kojiluo a no,nBeci>Te k Hewy rnapax Ha HaTa. 
UlapaK aoa^ceH BaceTb Ha paccTo«Haa 3-5 cm ot CTOJia. 

2. OrKJioHHTe inapaK Ha 5-8 cm ot nojio^KeHaa paBHOBecaa a orayc- 
TaTe ero. 

3. H3MeptTe /tunny no/tBeca MepHoa jieHTOH. 

4. H3Mepi>Te BpeMH At 40 nojiHtix KOjieOaHaa (N). 

5. rioBTopHTe a3MepeHaa At (He H3MeHH5i yc/ioBHH onMTa) a Haa/taTe 
cpe^Hee 3HaaeHae (Atc P ). 

6. BbiaacjiaTe cpe/jHee 3HaneHae nepao.ua KOJie6aHaa T cp no cpeu- 
HeMy 3HaHeHHK> At cp . 

7. BbiHacnaTe 3HaaeHae gc P no <})OpMyjie: 

4fr 2 

Sep =^r 1 - ( 3 ) 

J cp 

8. riojiyHeHHLie pe3yjibTaTbi 3anamaTe b Ta6jiany: 


X2 

om»rra 

/, M 

N 

At, c 

Atc p ,c 

11 

g cp =9,8 m/c 2 
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9 . CpaBHHTe nonyHeHHoe cpeAHee 3 HaneHHe ajih gc P co 3 HaneHHeM 
g = 9,8 m/c 2 . npocHHTafiTe ero 0TH0CHTe:ibHyio norpeniHOCTb H 3 MeHe- 
hhh no 4 >opMyjie: 

_ |gq, - g| 

£ ‘ g 

JoMaiuHee 3a^aHHe 

rioBTopHTb n. 1 8 - 26 . 


ypoK 27 . PeiuenHe 3 a,naH no Teiwe 
«MexaiiHHecKne KOJie 6 aHH»» 

IJejiu: pa 3 BHTne HaBbiKOB caMocToaTeJibHOH paGoTbi; OTpa 6 oTKa Me- 
toaob pemeHHa 3 a^aq. 


Xojx ypOKa 

I. OpraHH3aUHOHHEUH MOMCHT 

II. PeineHHe 3a^a v i 
3adanu na «3» dajuia 

1 . MaTeMaTHHecKiin MaaTHHK coBepuiaeT 100 KOJie 6 aHHH 3 a 314 c. 
OnpeaeJiHTb riepHOA KOJie 6 aHHH MaaraHKa, nacTOTy KOJie 6 aHHH h AJiHHy 
hhth MaaTHHKa. ( Omeem : 3,1 c; 0,32 Tu; 2,5 m.) 

2 . Bo cKOJibKO pa 3 yMeHbuiHTCH nepHOA KOJie 6 aHHH npyacHHHoro Ma- 
HTHHKa, ecjin BMecTo rpy 3 a Maccon 400 r k toh ace npyacHHe noABecHTb 
rpy 3 Maccon 1,6 k r? (Omeem: B 2 pa 3 a.) 

3 . rpy 3 , noABeuieHHbiH k npyacHHe, coBepuiaeT 30 KOJie 6 aHHH b mh- 
Hyry. Onpe^ejinTb nepnoA fcoue 6 aHHH, nacTOTy n Maccy rpy 3 a, ecjin 
»cecTKOCTb npy>KHHbi 24 m. (Omeem: 2 c; 0,5 Tn; 0,2 ki\) 

4 . HanTH OTHOineHHe nepHOAOB AByx MareMaTHnecKHx MaaTHHKOB, 
ecjm juiHHa hhmh oahoto MaaraHKa 1,44 m, a Apyroro - 0,64 m. (Om- 
eem: 1 , 5 .) 

3adanu na «4» 6ajuia 

1 . Teno, npHKpenjieHHoe k npyacmie, coBepuiaeT KOAe 6 aHHa c Heico- 
TopbiM nepHOAOM T. Ecjih yBeJiHHHTb Maccy Tejia Ha 60 r, to nepHOA 
Ko;ie 6 anHH yABaHBaeTca. KaKOBa nepBOHanajibHaa Macca TeAa? (Omeem: 
20 r.) 

2 . MaaraHKOBbie nacbi HAyT npaBHJibHO npn AJiHHe MaaraHKa 55,8 cm. 
Ha CKOJibKO OTCTaHyr nacbi 3a cyTKH, ecjiH yAJiHHHTb MaaTHHK Ha 0,5 cm? 
MaaTHHK CHH'raTb MaTeMATHnecKHM. (Omeem: 6,4 mhh.) 
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3. Teno, npHKpenneHHoe k npyacHHe, coBepmaer Kone6aHHA c hcko- 
TopbiM nepHOAOM. Ecjih yMeHtuiHTL Maccy rpy3a Ha 30 r, to nepHOA 
KOJie6aHHH yMeHbiiiHTCH b 2 pa3a. Hairm nepBOHaqaabHyio Maccy rpy3a. 
( Omeem : 40 r.) 

4. Ha KaKOH yroji ot BepTHKajiH HaAo otkjiohhte. MaTeMaTHHecKHH 
MaaTHHK ajihhoh 2 M, hto6bi rpy3 MaaTHHKa npomeji nojioHceHHe paBHo- 
Becn« co CKOpocTbio 0,6 m/c? (Omeem: 8° (5°).) 

Sadauu na «S» dajuioe 

1 . 3a oaho h to ace BpeMa oahh MaTeMaTHHecKHH MaaraHK ACAaeT 40 
KOJie6aHHH, a BTOpoii - 30. KaKOBa AAHHa KaacAoro MaaTHHKa, ecAH pa3- 
HOCTb hx atihh 7 cm? (Omeem: 9 cm; 16 cm.) 

2. Hac bi c ceicyHAHbiM MaaTHHKOM Ha noBepxHOCTH 3cmah HAyT toh- 
ho. Ha ckojibko qacbi 6yAyT OTCTaBaTb 3a cyTKH, ecnn hx no ah ate Ha 
BbicoTy 5 km HaA noBepxHOCTbio 3cmah? PaAHyc 3cmah 6400 km. (Om- 
eem: 67,5 c.) 

3. 3a oaho h to ace BpeMH oahh npyacHHHbiH MaaTHHK AeAaeT 10 ko- 
AeSaHHH, a BTOpoii - Ha npyacHHe c toh ace acecTKoerbio - 20 K0Ae6aHHH. 
OnpeAeAHTe Maccbi 3thx MaaTHHKOB, ecAH cyMMa hx Macc paBHa 3 k r. 
(Omeem: 2,4 kt; 06 k t.) 

4. Bo cKOAbKo pa3 nepHOA KOAe6aHHH MaTeMaTHHecKoro MaaTHHKa 
Ha HeKOTopofi nAaHere 6oAbiue, qeM Ha 3eMAe, ecAH paAHyc nAaHeTbi 
BABoe MeHbine paAHyca 3cmah, a haothocth OAHiiaKOBti? (Omeem: b 
1,41 pa3a.) 


3adanu noehiuienuou mpydnocmu 

1. Kax H3MeHHTca nepHOA BepTHKanbHbix KOAeSaHHH rpy3a, BHcame- 
ro Ha A»yx oAHHaKOBbix npyaomax, ecAH hx nocAeAOBaTeAbHoe coeAH- 
HeHHe 3aMeHHTb napaAAeAbHbiM? (Omeem: T x : T 2 = 2 .) 

2. I^HAHHApHHeCKHH 6pyC HaXOAHTCfl B BepTHKaAbHOM nOAOSCCHHH Ha 
rpaHHue pa3Aeaa AByx hchakoctch h acahtca otoh rpaHnuen Ha ABe paB- 
Hbie nacTH. /tnHHa gpycxa /, nAOTHocTb hhachch hchakocth p h BepxHen - 


p 2 . HanTH nepHOA Manbix BepTHKaAbHbix KOAe6aHHH 6pycKa 6e3 yneTa 


cha TpeHHA. (Omeem: T -2 k 


(p,- Pl )-2g 


flJIH P > p 2 .) 


III. IIoABeAeHHe htotob ypoKa 
JoMauiHee 3aaaHHC 

P - 4 1 9; P - 420; P - 42 1 . 
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y poK 28. PeuieHHe 3KcnepHMeirrajibHbix 3aaan 

Ifejib: HayHHTbCJi HcnoJib 30 BaTb TeopexHHecKHe 3HaHHa Ha npaxTHxe. 

Xo jx ypoKa 

I. OpraHH3aUH0HHbIH MOM6HT 

II. PeuieHHe 3aaan 


riepBafl rpynna 

3adanue M 1 

OjejiaTb ^Ba MaflTHHxa npH6;iH3HTejibHO o^hofo pa3Mepa: ojxhh - H3 
KapTO(})eJiHHbi, jjpyroii - H3 GyMaacHoro rnapHxa. 

rio^BeCbTe HX Ha HHTHX OJIHHaKOBOH flJIHHbl. OTKJIOHHTe HX Ha Oja,H- 
HaKOBbifi yroji ot nojioxeHHfl paBHOBecHH. FIojiCHHTaHTe hx nepwo^bi. 
CpaBHHTe nojiyneHHbie 3HaneHHH. Cflejiaifre bubo/i, ot Hero MoaceT 3a- 
BHceTb nepnofl xojieGaHHH Taxoro MaaTHHxa. O^HOBpeMeHHo jih npexpa- 
thtch KOJie6aHHa. rioneMy? OSbacHHTe noJiyneHHbie pe3yjibraTbi. 

BTopan rpynna 

3adanue M 2 

H3rOTOBbTe MaTeMaTHHeCXHH MaflTHHX H3 no^pyHHblX CpeflCTB. npH- 
Be^HTe ero b flBjoxeHHe, noflcnHTaHTe nacTOTy K0Jie6aHHH. H3MepbTe 
^jiHHy MaaTHHxa, Tax hto6h nacTOTa yBejiHHHJiacb BflBoe. npoBepbTe 
npaBHjibHOCTb CBoero pacneTa Ha onbiTe. Cflejiairre bbibozi o tom, xax 
MeHfleTca nacTOTa MaTeMaTHHecxoro MaaTHHxa b 3aBHCHM0CTH ot ero 
AJlHHbl. 


TpeTbsi rpynna 

3adanue M 3 

IIo^BecbTe HapyHHbie MexaHHHecxwe nacw Ha npoHHoii BepeBxe. Ec- 
jih x nacaM He npHxacaTbca, to nepe3 HexoTopoe BpeMK ohh Bee paBHo 
npH^yT b cjiaGoe jiBHHceHHe. npoBepbTe, Tax jih 3 to. rioneMy? npHBejiH- 
re nacbi b xojie6arejibHoe £BH>KeHHe, Tax HTo6bi ohh cjjejianH He MeHbine 
50 xojie6aHHH. Kax OTpa3HJiocb Taxoe £BH>xeHHe Ha tohhocth xojia 3 thx 
nacoB. rioneMy? Mohcho jih ycTaHOBHTb, xorjia nacbi HanHHaiOT cne- 
uiHTb, a xorjia oTCTaBaTb? 

MeTBepTaa rpynna 

3adanue M 4 

H3roTOBbTe MaTeMaTHHeCKHH MajmwK. H3MepbTe nepHoa ero xojie- 
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6aHHH. H3McpbTe epewji, 3a KOTopoe KOJie6aHRH 3aryxHyT. OnyCTHTe 
MaaTHHK a Bo,gy h cHOBa H3Mep£.Te nepHO^ ero KOJie6aHHH h BpeM» 3aiy- 
xaHHa. CpaBHHre pc3yjibTanj. CjxenaHre bub ox o bjiurhhh OKpyacaio- 
vuew cpc^w Ha KOJie6axeju>Hoe abh^cchhc. 

IlRTaii rpynna 

3adanueAs 5 

Kax h noMeMy MenaeTca nepwo^ KOJie6aHH« CTanbHoro wapHxa, ecjiH 
no^ HHM yCTaHOBHTE 3JieKTpOM BTH HT? 3a30p MOXfly Cep^eHHHKOM 3JieK- 
TpoMarHHTa h uiapHxa aojokho 6brn» 3-10 mm. UlapHK 6y^er 3aMerHO 
npHTHrmaTbcn x 3neicrpoMarHHTy, noaxoMy ero ycxopeHHe okojio Mar* 
HHra B03pacrer. IlepHO^ niapnxa yMenbuiHTca. npoBepbTe axcnepHMeH- 
TaJIbHO. 

III. IIoabcaciihc HToroB pa6oiu 

AoMamHee 3aAaHHe 

P - 425; P - 426; P - 427. 


Tnasa 4 . 3 /ieicTpoMarHHTHbie Kone 6 aHMn 

ypoK 29. KojiefiaTejibHuii KOHTyp 
Ifejib: paccMOTperb He3arryxaiomHe sneRTpimecicHe KOJie6aHna. 

Xoa ypoica 

I. OprSHH3ailHOHHblH MOMCHT 

II. AhSJIH 3 3KCnepHMCHTOB 
OGMCHHTe: 

3/ccnepuMenm As 1 

Be o^HHaxoBbie no HanpJDKCHHio h moiohocth jiaMnu (U = 220 B, 
P = 60 Bt) BKjnoHaiOT nocjieAOBarejibHO c pa 3 HUMH KOnaencaTOpaMH b 
or^eJibHbie uenH nepeMeHHoro TOKa. JiaMnu ropBT c pa3HUM HaxanoM. 
{Koiidencamop OoJibiuou eMKoemu etaitoneH c jiomyiou, Komopan aopum 
npne.) 

SKcnepUMenm As 2 

HeoHOByio JiaMny Ha 127 B hjih 220 B bkjijohhtc b cerb nepeMeHHo- 
ro TOKa cooTeercTByiomero nairpiOKenH«. I IocMOTpHTe Ha ropamyio ne- 
noABHucHyio JiaMny b TeMHore. Bh^hm nenpepuBHoe cBeneHHe. IIpHBe- 
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neM ee bo BpameHHe nBHXceHHfl c pannycoM 25-50 cm. IIpH j^bidkchhh 
jiaMnti HaOmonaeTca He cnnouiHOH CBeTJimHHca Kpyr, a npepbiBHCTbiH. 
FIoHeMy? {Heonoean ncmna ceemumcn npepbieucmo , coeepuian 100 
ecnbiiueK 3a 1 c. 3mo o6ycjioejieno Kone6aHwiMU Haripfutcenm e cemu. 
3pumeJibnoe eneuamnenue coxpawemai e menemie 0, 1 c. ripoMeDtcymKu 
epeMeHu, coomeemcmeymyue 3amyxamiHM JiaMnbi , u3MepfuomcH combi- 
mu dojiHMU cefcyndbi. BneHamnenue om ecnbiiueK monoeou JiaMnbi ne 
ycneeaem ucne3amb , Mbi euduM nenpepbienoe eopenue (naMna e noKoe). 
TJpu deu^cenuu no OKpyofcnocmu MOMenmbi, coomeemcmeyjoii{ue 
ecnuuiKOM u 3amyxanufiM JiaMnbi, pa3denenbi e npocmpaHcmee.) 

III. H 3 yneHHe hoboto MaTepiiajia 

3jieKTpHHecicafl uenb, cocToamaa H3 KaTyimcH w KOH/jeHcaTopa, Ha- 
3UBaeTca KOJie6aTejibHMM KOHTypoM. 

3apH^HM KOH^eHcaTop, npH 3 tom KOH^eHcaTOpy cooSiuhm 3Hepnuo: 



KoH^eHcaTop HanHeT pa3pii>KaTbC5i, b uenH no#BHTC5i sneKTpHHecKHH 
tok. BcJie^cTBHe caMOHH^yKUHH CHJia TOKa yBenHHHBaeTCH nocTOAHHO. 
IIpH 3 tom yMeHbuiaeTca 3 HeprH 5 i sneKTpHuecKoro nojia h B 03 pacTaeT 
OHeprHa MarHHTHoro nona: 


B MOMeHT, Korna KonneHcaTop nojiHocTbio pa3pHnHJicji (q = 0), 3Hep- 
rHH 3JieKTpHHecKoro non* paBHa Hyjiio. 3HeprH* MarHHTHoro non* MaK- 
cHMaJibHa. Cwjia TOKa nocraraeT MaKCHMajibHoro 3HaneHHH I M . 

HecMOTpa Ha to, hto k 3 TOMy MOMeHTy pa 3 HOCTb noTeHUHajioB Ha 
KOHuax KaTyuiKH CTaHeT paBHofi Hynio, tok He npeicpaiuaeTCH cpa 3 y. 
3 T 0 My npenBTCTByeT caMOHHnyKUH*. Kax TOJibKo CHJia TOKa h co 3 nan- 
Hoe tokom MarHHTHoe none HanneT yMeHbiiiaTbc*, B 03 HHKaeT BHxpeBoe 
3 JieKTpHnecKoe none, KOTopoe HanpaBJieHo no TOKy h no/yjepncHBaeT 
ero, KOH^eHcaTop HauHeT nepe 3 ap*xcaTbca. 

Oh nepe3apfl>KaeTC5i no Tex nop, noxa CHJia TOKa, nocTeneHHo 
yMeHbiuancb, He CTaHeT paBHa Hynio. W M = 0, a W 3 CTaHeT MaKCHMajib- 
HblM. 

flanee npouecc npoTexaeT b oOpaTHOM HanpaBJieHHH h KOHneHcaTOp 
orwTb nepe 3 apaxcaeTCH. Ecjih 6 bi He 6 biJio noTepb 3 HeprHH, npouecc 
nponojDKH/icfl 6 bi cKOJib yronno nonro. Ho KaTyuiKa HMeeT conpoTHBne- 
HHe h 3 to BeneT k BbinejieHHio TennoTbi. 

IlepHon CBo6onHbix KoneOaHHH 3anHCbiBaeTcn: 

T = iJtjLC . 
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IV. 3aKpenjiCHHC H3yneHHoro 

- Hxo Ha3HBaexcK Kone6aHn«MH KOHxypa? 

- Hapncynxe cxeMy KOJie 6 aTejibHoro KOHTypa h o 6 i>flCHHxe Bee cxa- 
/jhh npoijecca npeBpameHHH 3 HeprHH npn cbo6o/jhmx ajieicrpHHe- 
ckhx KOjieSaHHxx b TeneHne nepno/ja KOjieOaHHH. 

- no KaKOH <|)opMyjie onpe/jejiaexcfl coOcxBeHHaa UHKJiHHecicaa nac- 
XOXa CBOSo/JHbIX OJieKXpHHeCKHX KOJieGaHHH. 

- 3anHiiiHxe <}) 0 pMyjiy ToMcoHa. 

V. PeuieHne 3 a/jan 

1. EMicocxb nepeMeHHoro KOH/jeHcaxopa KOHTypa npHeMHHKa H3Me- 
HHexca ot Cj /jo C 2 = 9Q. Onpe/jejiHxe /jHana 30 H bojih KOHxypa npneM- 
HHKa, ecjiH eMKoexb Cj KOH/jeHcaxopa cooxBexcxByex /uiHiie bojihbi, paB- 
hoh 3 m. ( Omeem : ox X\ = 3 m /jo X 2 ~ 9 m.) 

2. ,ZlHana30H KaKHX pa/jHOBOjiH Moacex npHHHMaxb pa/jnonpHeMHHK, 
ecjiH eMKoexb KOH/jeHcaxopa ero KOjieSaTenbHoro KOHxypa H3MeHHeTCH 
ox 30 hO /jo 300 hO, a HH/jyKXHBHOCTb KaTyiiiKH - ox 40 mkFh /jo 100 
mkFh. {Omeem: 0,92 Mrij < v < 4,6 Mrij.) 

3 . 3 jieKxpoeMKocxb KOH/jeHcaTOpa nepeMeHHofi eMKocxw b KOHxype 
pa/jHonpneMHHKa Moacex H 3 MeHaxbca ox 50 hO /jo 250 hO. HH/jyxxHB- 
Hocxb KaxyuiKH ocxaexca Hen 3 MeHHOH h paBHO 0,6 mTh. Ha KaKHx boji- 
Hax pa 6 oxaex pa/jHonpneMHHK? {Omeem: 326 m < X < 980 m.) 

4. Onpe/jejiHxe ajieKTpoeMKOcxb KOH/jeHcaxopa, BianoHeHHoro b Kojie- 
6axejibHbiH KOHiyp, h H/ jy kimbhoctb KOToporo 1,5 mFh, ecjiH oh imyHaeT 
3JieKTpOMarHHTHbie bojihh /jjihhhoh 500 m. {Omeem: C = 1400 hC>.) 

VI. IIo/jBe/jeHHe htotob ypoKa 

/^OMauiHee 3a/jaHHe 

n. 21-30. 


YpoK 30. IlepeMeHHbIKI 3 JieKTpHHeCKHH TOK 

Ifejib: /jaxb noHxxne nepeMeHHoro xoica. 

Xo/i ypoKa 

I. OpraHH3aiJH0HHbIH MOMeHT 

II. AHaJIH3 KOHTpOJlbHOH paOOTbl 

III. H3yHemie HOBoro \mepna.ia 

nepeMeHHbiH tok b o6biHHOH KBapTHpe, npHMeHaeMbiH Ha 3aBo/jax h 
(J mOpHKax npe/jcxaBjraex co 6 oh BbiHyayjeHHbie 3JieKxpHHecKHe KOJie6a- 
hhh. 3 xh KOjie6aHH« jienco oSHapyacwxb c noMoiijbio ocuHjuiorpat^a. 
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Torjia BpeMCHHafl pa3BepTxa 6y^eT npe^craBJWTb co6oii CHHycoHAy. 
Macroxa KOJie6aHHit HanpjixceHHJi b uerm paBHa 50 Tu. Ha nporaxceiiMH 
I c tok b 50 pa3 noMeHaeT csoe HanpaBJieHHe. 

e = 5 SOsin(a£ + P 0 ) , 

rjifi e-~ MrHoaeHHoe 3HaneHHe 3JJC; BSco - aMiunnyaa 3flC. 

Cm = BS(D. 

£ m — e m S*n(fi* +/ 0 ) • 

/ 0 - HanajibHaa (J)a 3 a. 

A/ = / 2 . 

Ecjih A/ = 0,2 n, 3 n, 5 n h t. a., roBopar cooTBercTBCHHo o xojie6a- 
HHJIX B fipOTOBO^aae, MEKCHMyM OAHHX KOJieOaHHH npHXOAHTCJI Ha MH- 
HHMyM ApyrHX. 

Ecjih A/ = 0,2 n, 4 n h t. a., KOJieOaima ripowcxoAHT b oahoh <Jm3e, 
ohh oAHOBpeMeHHO Gyjjyr AocTwrarb MaxcHMywa n oAHOBpeweHHo 6y- 
AyT npoxojuiTb nepe3 hojii,. 

KojieOaHHa chjiu Toxa h HanpjnxeHHa b Jjenn c ncpcMciiHUM toxom 
H e coBna^aiOT no <(>a3e: 

I = I M sin cot ; 

U = U m sm(otf + AJ), 


rax xax cHJia Toxa h HanpjoxeHHe nenpepuBiio mchbiotcji, ror^a 
P-JU ~I m -l^sinotf-sin^ + A/). 

3ra moiuhoctb b HexoTopue momchiu bpcmchh Ha3UBaerca hojio- 
xorrejibHOH, a b HexoropUH momcht - oipHuaTejibHOH (3JieKrpHMecxax 
yens He noTpeOjixeT anepruH, a HaoOopoT - oraaer 3anaceHHyio 3Hep- 
nno oGpaTHO reHepaTopy). 

sin (<af + A/) sin cot = — cos A/ — — cos ( 2cot + A/) ; 

2 2 

1 

— cos Al = const . 

2 

P = ^=A-cosA/; 2 = J2-J2. 

2 

P = cos A/; 

■Jl -Jl 

P = I m l 7 & cosA/. 


I 


A 



U. 

S. 


- A^HCTByioume hjih 3^H]>eicrHBHue 3naneH 


CHJIbI TOKa. 




YpoK 31 Conpomuenenue e u,enu nepeMOHHoao mona 
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IV. Bonpocbi fljiH 3aKpenjieHHH 

- Hto Ha3MBaeTCH aeHCTByjomHM 3HaqeHHeM nepeMeHHoro TOKa? 

- KaKHe 3HaqeHHH chjim nepeMeHHoro TOKa Ha3braaioT MTHOBeH- 
HblMH? AMnjJHTyUHblMH? 

- Kaicne <|)opMyjiLi Bbipa»caH>T CB«3b aencTByiomHX 3HaneHHH 
3,5C, HanpflMceHHa h chjim nepeMeHHoro TOKa c hx aMnjiHTyn- 
HblMH 3HaHeHHaMH? 

- HanepTHTe rpa<|>HK nepeMeHHoro TOKa n pacKpoirre cyxb onpe^e- 
neHHfl nepeMeHHoro TOKa. 

V. PetueHHe 3a,aaH 

1. PaMKa, no kotopoh npoxo^HT tok, paBHOMepHO BpamaeTC« b ojx- 
HOpOflHOM MaTHHTHOM nOJie, HH^yKHHfl KOTOpOrO - 4 mTjI, C HaCTOTOH 
20 c- 1 . rDioma^b paMKH - 20 cm 2 . Ocb BpameHHa paMKH jiokht b ee 
njiocKocTH h nepneH^HKyjiapHa Beicropy HH^yKUHH non*. Hairra MaKCH- 
MaJlbHMH MarHHTHblH nOTOK CKB03b nJIOCKOCTb paMKH H 3 flP HH^yKUHH, 
B03HHKaiomeH b paMKe npH ee BpameHHH. HanncaTb ypaBHeHHe l(t). 
( Omeem : l- 10" 3 sin 40 nt; d> m = 8 mkB 6; e m = 10“ 3 B.) 

2. Hanpa^ceHHe Ha KOHijax ynacTKa ijenn, no KOTopoMy TeneT nepe- 
MeHHblH TOK, H3MeHfleTCJ! c TeneHHeM BpeMeHH no 3aKOHy 

U - U m *sin^/ . B MOMeHT BpeMeHH t = ~^ MrHOBeHHoe 3HaneHne 

paBHo 10 B. HanTH aMnjiHTyay HanpjnKeHHa. (Omeem: U m - 1 1,5 B.) 

3. 3jieKTpo,uBH)Kymaji CHJia b ijenn nepeMeHHoro TOKa BbipaacaeTca: 
f = 120 sin 28 1 , r^e t - BwpaaceHO b cexyH^ax; 3 J\C - b BOjibTax. On- 
pe^ejiHTe /jencTByiomee 3HaneHHe 3 J\C h nepnoa ee H3MeHeHH«. (Om- 
eem: T = 0,01 c; e = 85 B.) 

4. 3HaneHHe ceMbn TOKa, H3MepeHHoe b aMnepax, 3aqaHO ypaBHeHH- 
eM I - 8,5 • sin(314t + 0, 651). Onpe^ejiHTb flencTByiomee 3HaneHHe to- 
Ka, ero HanajibHyio (j)a3y h nacTOTy. HanTH tok npn ti - 0,08 c. (Omeem: 
1=6 A; v = 50 Th; P 0 = 0,651; i = 5,1 A.) 

VI. noABeAeHHe HTOroB ypoica 

^[oMauiHee 3araHHe 

n. 91. 

P-951; P-952. 


YpoK 31. ConpoTHBJieHHe b uenn nepeMeHHoro tokh 

IJejib: paccMOTpeTb ijenb nepeMeHHoro TOKa c pe3HCTopOM, KOHjjeH- 
CaTOpOM H KaTyniKOH HHAyKTHBHOCTH. 
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Xo jx ypoKa 

I. OpraHH3aUH0HHb1H MOMCHT 

II. IIoBTOpeHiie H3yneHHoro 

- Kaxwe KOJie6aHHH Ha3biBat0Tca rapMOHHnecKHMH? 

- tiro TaKoe ajieKTpoMarHHTHsie KoucdatuiH? 

- KaKOH tok Ha 3 biBaiOT nepeMeHHbiM? 

- Hto TaKoe (j)a3a KOJie6aHHH? 

- KaK HaxoflHTca cpejiHaa MOiHHOCTb nepeMeHHoro TOKa? 

- KaKHe BeJIHHHHbl Ha3bIBaiOTCJI fleHCTByiOlHHMH 3HaneHH5lMH CHJlbl 
Toxa h HanpaBJieHRff? 

- C KaKOH nacTOTOH MeHaeTca nepeMeHHoe HanpaaceHHe b ceTH c 
HanpflaceHHeM 220 B? 

III. IIpOBeAeHHe caMOCTOsrrejibHoii paooTbi 

I eapuanm 

1. KaKOH tok Ha3biBaeTca nepeMeHHbiM? 

A. Tok, y KOTOporo nepHO^HHecKH H3MeHaeTCH TOJibKO HHCJioBoe 
3HaneHHe. 

E. Tok, y KOToporo nepHo^HnecKH H3MeHJHOTca BejiHHHHa h Ha- 
npaBJieHne. 

B. Tok, y KOToporo H3MeHaeTCH TOJibKO HanpaBJieHHe. 

2. Ot k3khx BejiHHHH 33BHCHT MaKCHMajibHas 3flC reHepaTopa? 

A. TOJibKO OT HHCJia oGopOTOB B e^HHHUy BpeMeHH. 

B. Ot HHCJia bhtkob o6motkh, HHCJia o6opotob b e^HHHiiy Bpe- 
MeHH H BeJIHHHHbl nJIOmaAH BHTKa MarHHTHOTO nOJIB. 

B. TOJibKO OT HHCJia o6opOTOB B ejIHHHIiy BpeMeHH H HHCJia BHT- 
KOB o6motkh. 

3. Ot Hero 3aBHCHT nacTOTa renepHpyeMoro TOKa? 

A. TOJibKO OT HHCJia o6opOTOB B eflHHHUy BpeMeHH. 

E. ToJibKO ot HHCJia nap MarHHTHbix nojiiocoB. 

B. Ot HHCJia o6oporoB b ejiHHHuy BpeMeHH h nap MarHHTHbix 
nojnocoB. 

4. PaMKa BpamaeTCB b MarHHTHOM nojie, npHHeM E m = 4 B. KaKOBa 
3^C b paMKe nepe3 1 T, ecjin npn t = 0 HopMajib k njiocKocTH paMKH 
napajijiejibHa jihhhbm HHjiyKUHH nojia. 

A. / = 0. 

B. / - 4 B. 

B. / = ~2B. 

5. W3MeHeHHe 3/JC b paMKe, KOTOpaa BpamaeTca b MarHHTHOM nojie, 
3aAaHO ypaBHeHHeM* 




ypoK 31. ConpomueneHue e ijenu nepeMeHnoao moKa 


81 


A. E m = 10 B; v = — Tix. 

n 

E. e m = 10 B; v = 100 Ti\. 

B. £ m ~10 B; v — 200 Ty. 

6. KaK H3MeHHTCa 3J\C reHepaTopa, ecjiH hhcjto oOopoTOB poTopa 
yBejiHHHTt b 2 pa3a? 

A. YBejiHHHTCH b 4 pa3a. 

B. y MeHBiiiHTCfl b 2 pa3a. 

B. YBejiHHHTca b 2 pa3a. 
r. He H3MCHHTC5L 

( Omeembi : 1) B; 2) B; 3) B; 4) B; 5) A; 6) B.) 

II eapuanm 

1. KaKoe JiBjieHHe 6 lijio Hcnojii>30BaHo npH ycTpoilcTBe reHepaTopa 
nepeMeHHoro TOKa? 

A. BpameHHe paMKH b MarHHTHOM nojie. 

B. ^BJieHHe 3JieKTpOMarHHTHOH HH/iyKUHH. 

B. npaBHJio JleHua. 

2. M3MeHeHHe 3/JC B 3aBHCHMOCTH OT BpeMeHH AJIH paMKH, BpamaiO- 
mewcfl b MarHHTHOM nojie, 3a,naHo ypaBHeHHeM £ = 200-cos 100 7rt. KaKO- 
Bbi 3HaneHHa aMnuHTy^w h uhkjihhcckoh nacroTbi BpameHHji paMKH? 

A. £ m = 200 B; to = 100 Th. 

B. £ m = 200 B; © = 200 H*. 

B. £ m = 200 B; o) = lOOrc Tu, . 

3. KaKOBo hhcjio bhtkob b paMKe njioma^BK) 1 m 2 , BpamaiomeHCB b 
OAH opojjHOM MarHHTHOM none c nacTOTOH v = 0,5 Th? Hh^kuhh Mar- 
HHTHOro hojw paBHa 1 Tji. MarHHTHaa 3,ZJC b paMKe - 3,14 B. 

A. 1 BHTOK. 

E. 2 BHTKa. 

B. 4 BHTKa. 

4. OnpeAeJiHTb nacTOTy TOKa no rpa^HKy (cm. pnc. 25): 
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A. 5 ru 
E. 50 Tn. 

B. IOOTi*. 

5. AMnjiHTyaHoe 3HaneHHe 3flC HimyKUHH bo BpamaiomeftcH paMKe 
paBHo: 

A. BS cos/. 

E. BSco . 

B. 

At 

T. E m sin cot. 

ffl 

6. B 6ojimhhx npoMBiinjieHHbix reHepaTopax 3RC hoxo^htch b: 

A. CTaTope. 

B. PoTope. 

B. PoTope h CTaTope. 

( Omeembi : 1) B; 2) B; 3) A; 4) A; 5) B; 6) A.) 


IV. ItoyneHHe Hoeoro MaTepnajia 

1. CoSepeM ueni> (cm. pnc. 26): 


1 


Puc. 26 


3jieicrpHHecKHe ycTponcTBa, npeo6pa3yioiAHe ojidcrpuHecKyio 3Hep- 
THK) BO BHyTpeHHIOK), Ha3MBaK>TCfl aKTHBHMMH COnpOTHBJieHHKMH (npO- 
BO,aa, cnHpajiH HarpeBaTejitHux npwOopOB, pe3HCT0pbi). 

U = U m sin cot 

m 


R = S 


U ~U m sin cot ; 


I ~ — = — ^-sin cot = I, sin cot . 

R R 

KojieGaHHa chjiu Toxa h HanpJDKeHHJi Ha pe3HCTope npoHcxo^BT b 
oahoh 4>a3e. 






YpoK 31. ConpomuaneHue a ixenu nepeueHHoeo moxa 
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*4 


2. Co6epeM uen h (cm. pwc. 27): 


U ~U m sin (M 
I = q' = (CH)' = CH' 


U* = (U m sin om) =U m £oco&6X = U m a>^smajt ; 
I = U m a)C sin = l m sin +—j ; 


r=u_a>c. 


Pa3Hocn> <j>a3 A/ = -/, = . 


/ 

I m wC y 

X =— - 
c 

/ = ^ H/ 

■ If A ir * 


r^e X c - cHJibiioe conpoTHBjieiiHe. 
3. Co6epeM ueln* (cm. pHC. 28): 


nycTfc ecn» L, ho R = 0. 


I = I m sin cat ; 
U+e = 0; 
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U = -£ s =LI 


I' = (l m sin cot) = I m co cos cot = I m co sin <*>/ + — 


n 


U „ - I coL sin 


• ( 

m-sin cot + — \- 

\ 2 ) 


U_ 


sin 6)t + — l ; 
2 1 


a/ = /. 

X l =cdL . 

X L - HHAyKTHBHoe conpoTHBiieHne. 


V. 3aKpenjieHue myneHHoro MaTepwaua 

- KaKHe bhabi conpoxHBJieHHH pa3JiHqaK)TC5i b nenH nepeMeHHoro 
TOKa? 

- HanmuHTe ypaBHeHna H3MeHeHHH MrHOBeHHoro 3HaneHHa Hanpa- 
5KCHHJI H CHABI TOKa Ha OKTHBHOM COnpOTHBJieHHH. HaMepTHTC HX 
rpa4>HKH. 

- Flo KaKOH (})opMyjie onpe^ejiaeTCii eMKocTHoe conpoTHBJieHHe? 

- ^TO HarpeBaiOT HHAyKTHBHBIM COnpOTHBJieHHeM? 

- HanniHHTe (J>opMyjiy aji* HHAyicniBHoro conpoTHBiieHna . 

- KaKOH cabht 4>a3 Me>KAy tokom h HanpjoKeHneM cymecTByeT b 
nenH nepeMeHHoro TOKa, coAepacameft toabko KaTyuiKy HHAyK- 

THBHOCTH? TOABKO KOHAeHCaTOp? 

VI. PeuieHHe 3aAan 

1. B tjenB nepeMeHHoro TOKa c ACHCTByromHM 3HaneHHeM Hanpa- 
ACeHHfl 220 B BKAFOHHAH aKTHBHOe COnpOTHBJieHHe 50 Om. HaHAHTe ACH- 
CTByiomee h aMnjiHTyAHoe 3HaneHHe aaa chabi TOKa. ( Otneem : I = 4,4; 
I m = 6,16A.) 

2. KaKOBO HHAyKTHBHOe conpoTHBJieHHe npOBOAHHKa C HHAyKTHB- 
hoctbfo 0,05 Th b nenH nepeMeHHoro TOKa nacTOTOH 50 Tu? ( Omeem : 
x c as 15,7 Om.) 

3. OnpeAejiHie nepHOA nepeMeHHoro TOKa, aaa KOTOporo KOHAeHCaTOp 
eMKOCTBio 2 hkO npeACTaBjmeT conpoTHBAeHHe 8 Om. (Omeem: 10 1 c.) 

4. KoHAeHcaTop bkjhohch b nenB nepeMeHHoro TOKa CTaHAapTHOH 
HacTOTBi. HanpaaceHne b cera 220 B. CnAa TOKa b nenH 2,5 A. KaKOBa 
eMKOCTB KOHAeHcaTopa? (Omeem: C = 36 mkO.) 


VII. IIoABeAeHHe HToroB ypoKa 

^OMamnee 3ananne 

n. 32, 33, 34; 

P - 964; P - 965. 




YpoK 32. JladopamopHaa padoma 
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ypoK 32. JlaGopaTopiiasi paGoTa no TeMe 
«H3MepeHHe cnjibi TOKa b uenn c KOHAeHcaTopoM» 

3 ad(wue : paccnuTaiiTe AeHCTByiomee 3 HaneHHe chau nepeMeHHoro 
TOKa B IjenH C KOHACHCaTOpOM H 3 BeCTHOH 3 J 7 eKTpOeMKOCTH; BtiriOJIHHTe 
H 3 MepeHne chau TOKa b 3 toh nenn; cpaBHHTe pacneTHoe h 3 xcnepHMeH- 
Tajn>Hoe 3 HaneHHe chau TOKa. 

Odopydoeanue : hctohhhk nepeMeHHoro HanpaaceHna (6 B), kohach- 
caxop 6yMa^cHsiH (6 mkO), MHjiuHaMnepMerp nepeMeHHoro TOKa, 
BOJibTMeTp nepeMeHHoro TOKa, OMMeTp, coeAHHHTeAbHue npOBO^a. 


CoAepacaHne h mctoa BbinojiueHHsi pafioTbi 

Jlpa npOBOAHHKa, pa3AejieHHbie cAoeM AH3AeicrpHKa 5 oGAaAaiOT 3AeK- 
TpOeMKOCTbK) C . 

IIpH nonane nepeMeHHoro HanpHAceHHA Me>KAy TaKHMH npOBOAHHxa- 
MH nepeHOC 3ACKTpHHeCKHX 3ap»AOB CKB03b AH3jieKTpHK He npOHCXOAHT, 

ho nepnoAHHecKH noBTOpfliomHecH nponeccw 3apaAKH h pa3pAAKH koh- 
AeHcaTopa npnBOAAT k B03HHKH0BeHHK> nepeMeHHoro TOKa b uenn, co- 
Aepxcamen KOHACHcaTop. fleHCTByiomee 3HaneHHe chau TOKa J b 3Toh 
qenn onpeAeAaeTCA 3HaneHHeM 3AeKTpoeMKoCTn C, hbctotoh co BbiHyac- 
AeHHbix KOAeGaHHH chau TOKa b qenn h AeiiCTByiomHM 3HaneHHeM Ha- 
npAAceHHa U Ha o6iojaAKax. 


C 


~6B 0 © 

o 


Puc. 29 


J = U<oC . ( 1 ) 

.ZJaHHoe paBeHCTBO cnpaBeAAHBO, ecAH moacho npeHe6peHb aKTHB- 
hum conpOTHBAeHHeM R ocTaAbHbix ynacTKOB qenn, to ecTb ecAH 

x c = — = — — »R, (2) 

c eoC 2nvC 

TaKHM o6pa30M, paccnHTaB CHAy TOKa no (J)opMyAe (1), mo>kho cpaB- 
HHTb noAyneHHoe 3HaneHHe c noxa3aHHeM MHAAHaMnepMeTpa, npeAfia- 
pHTeAbHo y6eAHBuiHCb b cnpaBeAAHBocTH HepaBeHCTBa (2). 


IlOpflAOK BbinOJIHCHHH paGoTbi 

1 . BbiHHCAHTe eMKOCTHoe conpoTHBAeHHe X c KOHAeHcaTopa Ha nac- 
TOTe 50 Tn. 
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2 . Paccwrairre jieHCTByiomee iHa'icimc chjiu toks J m b uenw c koh- 
^eHcaxopoM np« nonane Ha ero oHuoiaAKH nepeMeHHoro HanpiDKemia 6 B. 

3. Co6epHTC 3jieicipHHecKyio uem» no cxeMe, npejicTaBJieHHOH na pn- 

CyHKC, H BfainOJlHHTe H3MCpCHH« CHJIU TQK3 B HCITH IipH HanpJDKeHHH 6 B. 

4. H 3 wepbTe c noMouibio oMMCTpa 3jieiopHHecicoe conpOTHBjieHHe R 

npOBO^JHHHX npOBOAOB H aMIICpMCTpa 

5. BwTOCjiHTe rpawHUu oTHocHrejibHtix norpeuiHocreH iKcnepHMen- 
TajibHoro H3M epeHH h chjiu TOKa b uciih J 3 h reopenmecKoro 3HaHeHHa 
J m . CpaBHHTe pe3yjibTaru pacnera h mMepeHHH c yneroM rpaiiHu no- 
rpeniHocreif H3MepeHHif. Pe3yjibraTbi H3MepeHHH h buhhcjichhh 3aHecn- 
Te b oTHexHyio xafwumy. 


U,B 

u,Ta 

C,* 

X„ 

Om 

R, 

Om 

JJ3 

Jr, A 


B 











JfonoJiH umeji bHoe jodoHue 

Hccjie^yHTe 3 a&HCHMocrb ;icHCTByiomero iiianeHHa chjiu TOKa b ne- 
nH c Koaae ucaropoM or /leiicTByioinero 3 naqeHHJi HanpjoKe hh a, no- 
CTpoiiTe rpa(j)HK. PaccwraHTe 3 Ha 4 CHHH chjiu TOKa b ueim npH nocjie- 
AOBarejibHOM h napajuiejibHOM bkjho^chhh KOnmencaropOB c aneinpo- 
eMKocTbio 6 mkO h 4 mk<X>. PesyjibTarru pacMcra npoBcpbTc 3KCnepHMeH- 
xajibHO. 

Jl OMaaiHee lajoiSHHC 

P-966; P-967. 


ypoic 33. JlafopaTopnaa pa6ora no TeMe 
«fi3MepeuHe HH^yKTHBiioro conpoTHBJiemui KaryniicH» 

3 adOHUei BUHHCJIHTC HH^yKTHBHOe COnpOTHBJICHHC KaryniKH H ee 
HH^yKTHBHocTb no pe3yjibTaraM iGMepemm HanpjraceHHH Ha Karyinfce h 

CHJIU TOKa B UeilH. 

O 6 opydo*mtuez hctohhhk nepeMeHHoro HanpraceHtu (6 B); KaiyniKa 
uiKOJibiioro pa36opnoro TpaHC(J>opMaTopa; BOJibTMerp h MHJuinaMnep- 
MCTp nepeMeHHoro TOKa; coejXHHHTejibHue npoeojja; kjhoh ooHonoJiioc- 
hoh; OMMeTp. 


CoAepnHHe h mctfoa BunajiBeHHS pafioTu 

HH^yKTHBHoe conpOTHBjieHHe raiymicH iiepcMCHHOMy TOKy c Hacro- 
TOH 6 ) paBHO: 


X^-mL- 2 kvL . 












ypot< 33. fla6opamopHapi pa6oma 
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Ecjih aKTHBHoe conpoTHBjreHHe o 6 motkh KaTyuiKH 3 HaqHTejibHo 
MeHbrne HH^yKTHBHoro conpoTHBJieHHA KaTymicH nepeMeHHOMy ToKy 
(R « X L ) , TO 3aBHCHMOCTb MC^KJjy fleHCTByiOmHMH 3HaqeHHHMH CHJIbI 

roKa O b KaTyuiice h HanpaaceHHa U> npHJio>KeHHoro k KOHuaM ee 06 - 
motkh, oupeaeJiaeTca b tipanceHHeM ; 

X L 2 nvL 

Henb a^hhoh JiaSoparopHOH paSoTbi - H3MepHTb uuryKTHBHoe conpo- 
THBJieHHe h onpeAenHTb HH^yicrHBHOcTb KaTyniKH. 3ra 3aaaqa ocjiouchb- 
eTC« TeM oSCTOflTeJIbCTBOM, 4T0 USLp5lJjy C HRHyKTHBHblM COnpOTHBJieHHeM, 
KaTyuiKa oSlihho o 6 jiaaaeT eme aKTHBHUM conpoTHBjieHHeM R . 

JJjm onpeACJreHHH HHjjyicTHBHoro conpoTHBjieHHa KaTyuiKH Xi mo>k- 
ho onpeaejiHTb ee nojrnoe conpoTHBJieHHe nepeMeHHOMy TOKy Z, H3Me- 
pHB AencTByiomHe 3HaneHHa nepeMeHHoro HanpaaceHHa Ha KOHuax Ka- 
TyuiKH U h cHuy TOKa J b Hen: 



3aTeM, Hcnojn»3ya BbipaaceHHe 


z=Jti l +(x L -x c ) t 


(TaK KaK x c = 0 ), MOJKHO HaHTH HH/tyKTHBHOe COHpOTHBJieHHe KaTyiHKH*. 

X L =sfz*^R 2 . 

AKTHBHoe COnpOTHBJieHHe KaTyiHKH K M05KH0 H3MepHTB B OT^eJIB- 
hom onwTe c noMombio OMMeTpa. 


Ilopfl^OK BbinOJIHeHHH paoOTbl 

1. Co 6 epHTe 3JieKTpHHecKyio uenb h BbinojiHHTe H3MepeHHe cnjibi 
TOKa b uenn npn Hanpa>KeHHH 6 B. BbiqnejiHTe nonHoe conpoTHBJieHHe 
KaTyuiKH. 

2. BbiKJiioHHTe nepeMeHHoe HanpaaceHue h H3MepbTe aKTHBHoe co- 
npoTHBjieHHe KaTyuiKH R oMMeTpOM. 

3. TIo pe3yjibTaTaM H 3 MepeHHH nojiHoro Z h aKTHBHoro R conpOTHB- 
neHHH KaryuiKH BbiHHCJiHTe ee HH,nyKTHBHoe conpoTHBJieHHe X L h hh- 
AyKTHBHOCTb L. 

4. OueHHTe rpaHHuu oraocHTejibHOH norpeuiHOCTH H3MepeHHH hh- 
JiyKTHBHOCTH. Pe3yjIbTaTbI H3MepeHHH H BblHHCJieHHH 3aHeCHTe B OTHeT- 
Hyio Ta6jiHuy: 


IS 






L,Th 

D 
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J^oMauiHcc 3aaaHHe 

P- 35 . 


y P OK 34. AeTOKOJieGaHHH 

Ifejib: paccMOTperi> He3aTyxaiomHe KOJie6aHH*. 

Xoa ypoica 

I. OpraHH3ai|H0HHbIH MOMeHT 

II. rioBTop£HHe MaTepnajia 

1 . Bonpocu a jib noBTopeHH*. 

- Hto TaKoe KOJie6aTeJibHbiH KOHiyp? 

- HcMy paBHa nojiHaa 3HeprH« KOJie6aTeJibHoro KOHTypa? 

- OnmuHTe npoueccbi, npOHCxoAflmne b KOHiype npw cboSoahbix 
3jieKTpoMarHHTHwx KOjie6aHHax. 

- KaKOBbl npHHHHW CBo6oAHbIX 3JieKTpOMarHHTHbIX KOJie6aHHH B 
KOHiype? 

2. CaMocToarejibHaa pa6ora. 

I eapuanm 

1. B KOJie6aTejibHOM KOHiype tok cABHHyr no 4>a3e oTHOCHTejibHo 
3apaAa Ha: 


E. n; 

B. — . 

4 

2. 3a cneT Hero no;mep>KHBaeTCJi tok b KOjie6axejibHOM Kornype, ko- 
r^a noffBJiaiomaflCB Ha KOHAeHcaTope pa3HOCTb noTeHunajioB npenaxcT- 
ByeT ero npoTeKannio? 

A. 3a cneT yBennneHnx 3HeprnH MarHHTHoro nojrs KaTyuiKH. 

B. 3a cneT yBejiHHeHH* 3ap«Aa Ha KOHAeHcaxope. 

B, 3a cnex yMeHbweHHH oHeprun MarHHTHoro nojia KaTyuiKH. 

3. Kax H3MeHHTCfl nacTOTa sneKTpoMarHHXHbix KOJieSaHHH b KOHiype, 
eCJlH c6jlH3HTb IUiaCTHHbl KOHAeHcaTopa? 

A. y MeHbliiHTCH . 

B. y BejlHHHTCX. 

B. He H3MeHHTca. 
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4. x iepe3 KaKyio jxomo nepHOAa nocjie 3aMbixaHHH 3apfl>xeHHoro xoh- 
.neHcaTopa Ha xaiymxy HimyxTHBHOCTH 3Heprwa b xornype pacnpeae- 
jihtca Moigty KOH^eHcaTopoM h KaTyniKOH nopoBHy? 


A. 
E. 

B. 



5. B KOJie6aTejitHOM KOHType eMxocTb yBejmneHa b 4 paaa. Hto Hy>x- 
ho c^enaTb, hto6li nepHO£ xo;ie6aHHH ocTajica npe>KHHM? 

A. yBejlHHHTb HH^yKTHBHOCTB B 4 pa 3 a. 

B. y MeHbiiiHTb HH,ayKTHBHocTb b 2 pa3a. 

B. yMeHbUIHTb HHAyKTHBHOCTb B 4 pa 3 a. 


(i Omeembi : 1) A; 2) B; 3) A; 4) B; 5) B.) 


II eapuanm 

1. KaKHe npeBpameHHB 3HeprHH npoHcxo^aT b KOJie6aTejibHOM koh- 
Type? 

A. 3HeprH5i 3JiexTpHHecxoro nojia xoimeHcaropa npeBpamaeTca bo 
B H y TpeHHIOK) 3HeprHK) KaTyiHKH HHAyKTHBHOCTH. 

E. BHeprwa MarHHTHoro nojui xaTymxH npeBpamaeTca bo BHyT- 
peHHiOK) 3HeprHio KOHaeHcaTopa. 

B. 3HeprHB 3JiexTpH4ecxoro nojia xoimeHcaTopa npeBpamaeTca b 
M arHHTHyio 3HeprHK> MarHHTHoro nojia xaTywXH HuzjyxTHBHo- 
cth, 3HeprH« MarHHTHoro nojiB KaTyuiKH nepexo^HT b 3HeprHK) 
3JieKTpH4ecKoro nonfl xonneHcaTopa. 

2. B MOMeHT BpeMeHH t = 0 3HeprHfl KOH^eHcaTOpa paBHa 4-KT 6 JJ?k. 

Hepea ^7* 3HeprHfl Ha xoimeHcaTope yMeHbuiHjiacb HanojiOBHHy. Kaxo- 

Ba 3HeprH« MarHHTHoro nojia xaTymxH? 

A. 4 - 10 - 6 ^*. 

E. 2'lO^Jl*. 

B. KT 6 #*. 

3. ReMy paBeH ctfBnr (J)a3 Mox^y 3ap*moM h chjioh Toxa b xone6a- 
TejibHOM xornype? 

A. tc; 
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4. KaK n3MeHHTC» nacTora 3JieKTpoMarHfmibix KOJie6aHHH b KOHType, 
ecJiH b KaTyiiiKy BBecTH acejie3HbiH cepaeHHHK? 

A. y BeJIHHHTCH. 

E. He H3MCHHTCa. 

B. y MeHblHHTCa. 

5. KaK H3MeHHTCH MaCTOTa CB 06 o,HHblX 3JieKTpH4eCKHX KOJie6aHHH B 
KOHType, ecjiH eMKOCTb KOHjjeHcaTopa h HH^yKTHBHocTb KaryuiKH yBe- 
JIHHHTCa B 5 pa3? 

A. y MeHblHHTCH B 25 pa3. 

E. y BejiHHHTCH b 5 pa3. 

B. y MeHblUHTCH B 5 pa3. 

(Omeem: ]) B; 2) E; 3) B; 4) B; 5) B.) 

III. H3yHeHHe hoboto MBTepuajia 

CucTeMti, no;jo6Hbie nacaM, b KOTOpbix reHepHpyiOTca He3aTyxaio- 
mwe KOJie6aHHH 3a cueT nocTynjieHHa 3HeprHH ot HCTOHHHKa, Ha 3 brea- 
K>Tca aBTOKOJie6aTenbHbiMH cHCTeMaMH (opraHHaa Tpy6a, cbhctok, 
cep^qe). 

3KcnepUMeHnu Tpy6a Phkkc. 

BbiHy)fcaeHHbie ajieicipHHecKHe KOJie 6 aHHa, BbipaGaTbiBaioTca reHe- 
paropaMH Ha ajieKTpocTaHuuax. Ohh Hecnoco 6 Hbi BHpa 6 aTb]BaTb KOJie- 
6 aHHH BbICOKOH HaCTOTbl, KOTOpbie npHMCHaiOTCa B pa^HOTeXHHKe. 

Kojre6aHHH bbicokoh nacTOTbi Moacuo nojjyuHTb c noMombio jiaMno- 
Boro reHeparopa. Ochobhoh ero HacTbio aBJiaeTca TpexaJieKTpoflHaa 
jiaMna - Tpnou. 

Kor^a 3aMbiKaiOT uenb renepaTopa, noaBJiaeTca HMnyjibc TOKa, ko- 
Topbifi 3apaacaeT KOH^eHcarop KOJie 6 aTeJibHoro KOHTypa. flua Toro 
4To6bi Ko;ie 6 aHHfl He 3aTyxajiH, KOH^eHcaTOp HyacHo nepHo^HHecKH 
no^aapaacaTb. 

KoH^eHcaTop HauHHaeT pa3paacaTbca, Ha HHacHew o 6 icia^Ke Haxo- 
/IHTca no:io)KHTe:ibHbiH 3apaa, nepe3 KaTyuiKy H^eT HapacTaiomHH tok. 
riepeMeHHoe MarHHTHoe none 3Toro TOKa npoHH3biBaeT He TOJibko Ka- 
TyuiKy L , ho h pacnojioaceHHyio pa/joM c Hew KaxyuiKy L cg (KaTyuiKy 06 - 
paTHOH cb«3h), nopoac^a a b Kaacaow KaTyunce BHxpeBoe aaeiapHuecKoe 
none. ITojie co 3 ,naeT noJioacHTejibHbiH noTeHUHaa Ha ceTKe JiaMnbi, h ne- 
pe3 Hee HaHHHaeT h^th aHo^HbiH tok. 3tot tok noaaapaacaeT KOH^eHca- 
Top b KOHType, h noTepH 3HeprHH KOMneHCHpyioTca. 
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Korna hidkhbb nnacTHHa KOH^encaropa 3apjcKeiia OTpHuaTeutHo, 
KOH/jeHCaTOp flOJDKCH OTKjnOHHTbC* Or HCTOHHHKa. 

B reHepaTope 3 to npOHCxonHT afiTOMarHHeciai. IlepeMeHHoe Mar- 
HHTHoe none y6biBaiomero Toiea b Komype coanaeT b Karynnce oOpamoH 
cbh 3 h BHXpeeoe 3JieiapHHecKoe none xaicoro HanpanceHHn, hto noreHim- 
an Ha cence naMiiu craHOBHrca oipHuarejibHUM. JIaMna npn 3 tom aanH- 
paeTca, h anonHUH tok npeKpamaercn: 


1 



JIaMnoBue reHeparropu no3BOJiinoT nonyHan. KOJie6aims c nacToroH 
no MHjuiHOHa kTu. B Hacroamee BpeMa naMnosue reHeparopu hohth 
nojiHocTbio BurecneHti nonyiipOBonmiKOBUMH Ha TpamHCTOpax, 3a hc- 
KjnOHCHHCM OHCHb MOIQHUX. 

reHeparopu Ha TpaH3Hcropax KOMnainnee, nanexcHce h okohomhh- 
nee naMnoBux. 

OcHoeHbie sneMeumUy xapatcmepHbte dim mhozux atmoKOJiedameji b- 
Hhtx cucmeM 

HcTOHHHK DHCprHH 

YcrpOHCTBO, perynHpyiomee nociyiuieHHe anepniH 
Kone6arejibHan cwcreMa 
06paTHan cb&3b 

1 . HCTOHHHK 3HepPHH - HCTOHHHK nOCTOSHHOFO HanpflXCeiDUI. 

2. YcTpOHCTBO, perynHpyiomee nocrynneime aHepnni or HCTOHHHica 
(icnanaH)-TpHon. 

3. Kone6arenbiian cwcreMa - Kone6arenbHUH Koirryp. 

4. 06paman CRjnb - HHnyKTHBHaa cbjol KarymicH Komypa c Karym- 
koh b uenH cencH. 

IV. 3aKpenjieHHe nsynenHoro MaTepHana 

- Hto Taxoe aBTOKone6arenbHan chctcmb? 

- nepeHHCjiHTe ocHOBHue sneMeHTU aBTOKonefiarenbHOH chctcmu. 

- npHBenHre npHMepu aBTOKone6areni>Hux CHcreM. 

V. PemeHHe aanan 

L BoiHHicaioiHaa b paMKc 3J\C HHnyicuHsi npn Bpamemm b oaho- 
Poahom MaiuHTHOM none H3MeH«cTCH no 3aKOHy £’ = 12 sin 1 OO^r/ . On- 
penenHTb aMiuimyny Kone6aHHH 3JXC y ee neiicTByiomee aHaneuHe, uhk- 
jiHHecKyio h JiHHCHnyio Hacrory KoneOamm, nepnon, (Jiaay h HanantHyio 
4>a3y. ( Omeem : 0 B; 8,5 B; 100 n pan/c; 50 I'm 0,02 c; 100 nt ; 0.) 
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2. KojieGaTejitHbiH KOHTyp coctoht m KoimencaTopa cmkoctlio 
2 mkO h KaTyuiKH HimyKTHBHOCTbio 500 mVh. Hanra nacToxy coOcTBeH- 
hux KOJie6aHHH KOHTypa. ( Omeem : 160 Hi.) 

3. HH^yKTHBHocTL KOJie6aTejibHoro Komypa paBHa 0,01 Th, cmkoctb 
8 mkO. KoH^eHcaTOp 3apa)KeH jxo pa3H0CTH nOTeHimanoB 200 B. KaKon 
HaH6oJILUlHH TOK B03HHKaeT B KOHType B npOUeCCe 3JieKTpOMarHHTHMX 
KOJie6aHHH? (Omeem: 2 A.) 

4 . Onpe/jejTHTe /yiHHy bojihli, Ha KOTopyio HacTpoeH KOJieSaTejibHMH 
Komyp npneMHHKa, ecnw ero cmkoctl paBHa 5 mO, a HH/iy kthb hoctl 
paBHa 50 mkTh. (Omeem: 942 m.) 

5. B KOJieOaTejitHOM KOHType KOH^eHcaTop cooGmnji 3apaji, paBHUH 
1 mKji, nocjie Hero b KOHType bo 3 hhkjth 3aTyxaiomHe 3jieicrpoMarHHT- 
HBie KoneSaHTw. Kaxoe kojihhcctbo TemioTbi BbmejiHTca k MOMeHTy, 
Kor,aa MaxcHMajiLHoe HanpaaceHne Ha KOH^eHcaTope CTajio MeHbiue Ha- 
nanBHoro MaKCHMaubHoro 3HaueHH5i b 4 pa3a? Emkoctb KOH/ieHcaropa 
10 mkO. (Omeem: 0,047 JJpc.) 

VI. IIonBefleHHe HToroB ypOKa 

J^OMauiHee laaaHue 

n. 36. 


ypoK 35. JIa6opaTopHaa paoora no TeMe 

«HcCJieAOBaHHe 3JieKTpHHeCKHX CXeM C HRHyKTHBHblMH, 
eMKOCTHBIMH H aKTHBHbIMH 3JieMeHTaMH» 

3adaHue: Hccae^yHTe 3JieKTpHHecKHe napaMerpbi HeH3BecTHoii 3JieK- 
TpHHeCKOH CXeMBI - «HepHOrO JUHHKa». 

Odopydoeanue: aBOMeTp; reHepaTop 3ByKOBOH nacTOTbi; «HepHbiu 
fllHHK»; HCTOHHHK 3JieKTpOnHTaHHfl 1131111-2. 

Xoa ypoica 

CouepwaHHe h mcto;i nbinoaiicHHu pa6oTbi 

HccjieAOBaHHe «nepHoro HiHHKa» Ha nocTOJiHHOM Tone mohcho bbi- 
nojiHHTL nyreM n3MepeHiw ero aicrHBHoro conpOTHBJieHHs h chathji ero 
BOJiLTaMnepHOH xapaicrepHCTHKH. OflHaKO H3MepeHHa Ha uoctojthhom 
TOK e He II03BOJI5HOT OTJIHHHTb B «HepHOM flUIHKe» pe3HCTOp OT KaTyillKH, 
o6Hapy>KHTt KOHjjeHcaTop h onpe^ejiHTL ero 3JieKTpoeivfKOCTb. 

JlflSl Toro HT 06 BI OTJIHHHTb pe3HCTOp OT KaTyuiKH, MO)KHO HCCJie^O- 
BaTb 3aBHCHMOCTb CHJIbI nepeMCHHOTO TOKa OT HaCTOTbl npHJlO^ceHHOrO 
Hanp5i>KeHHH. 3jieicrpHHecKoe conpoTHBJieHHe pe3HCTopa b £Hana30He 
nacTOT ot 20 Tu flo 20 rH* ocTaeTca npaKTHnecKH HeH3MeHHbiM. Cjie/io- 
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BaTeJILHO, rpa(|>HKOM 3aBHCHM0CTH CMJlbl TOKa OT HaCTOTLI npH HeH3MeH- 
hom HanpjDKeHHH 6yaeT ropH30HTajibHan npaMaa (pHC. 30 ). 


I 


A 


0 


R 

— cn^> 


Puc. 30 


> 


V 


KaTyuiKa c aneKTpHHecKHM conpoTHBjieHHeM o6motkh R h HH,ziyK- 
thbhoctuo L MCttKeT 6 LiTL npejjcTaBJieHa KaK uem> m nocne/iOBaTenbHo 
BKJIIOHeHHbIX pe3HCTOpOB C aKTHBHbIM COnpOTHBJieHUeM E H H^eaJlbHOH 
KaTyuiKH C HH£yKTHBHOCTE»K> L. 

C yBeJiHHeHHeM nacTOTU v npHJioaceHHoro HanpaaceHHJi HunyKTHBHoe 
conpoTHBJieHHe X L KaTyuiKH paereT npaMO nponopUHOHajibHO nacTOTe: 

X L = 2 nvL . 

no 3aKOHy OMa: 

T _u _ u u 

1 JtfTxi 

rpa(})HK 3BBHCHMOCTH cHJibi TOKa b KaTyuiKe ot HacTOTbi npu nOCTO- 
hhhom 3HaneHHH aMiuiHTyflw npHJio)KeHHoro HanpHacenna npeflCTaBjieH 
Ha puc. 31 : 



JJnji onpe^eJieHHa HtmyKTHBHOCTH L KaTyuiKH mo>kho Bocnojib30- 
BaTbca pe3yjibTaTaMH H3MepCHHa HanpjuKeHHa U h chjili TOKa J Ha .zjoc- 
raTOHHO 6 ojibiuoh uacTOTe, npH kotopoh aKTHBHoe conpoTHBJieHHe R 
oSmotkh npeHe6pe>KHM0 MaJio no cpaBHCHHio c ee HHAyKTHBHbiM conpo- 
THBjieHHeM X L : 


X »Z'- h L- 
1 J 2 7TV 


U 


2 TTVj 

Ecjih 3jieKTpHHecKoe conpoTHBJieHHe Me)K£y BbraojjaMH «nepHoro 
amHKa» HacTOJibKo bcjihko, hto ero 3naneHHe He y^aerca onpe^ejiHTb c 
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riOMOlUbK) OMMCTpa, TO MOXCHO npCAJlOXCHTb, HTO B UeHb BKJU04CH KOHflCH- 

carop. HajiHHHe KomjeHcaropa b cxcmc «qepHoro »uxHKa» moxho ycxaHo- 
BHTb, nOAKJUOHHB K QTO KJlCMMaM HCTOMHHK IiepeMCHHOIT) TOKa H H3MepHX 
CHJiy Toica b ueiiH Ha paajiMHHbix Hacrorax. Tax icax eMKocrHoe coirpoTHB- 
iieHHe Xc KOHaeHcaropa o6parmo nponopuHOHanbHO Hacrore v. 

x c = — ? — , 

c 2 JVC 

to npH nocToaHHoif aMiunnyae nepeMenHoro naripnxceHHa CHiia Toica 
AOJDKHa JiHueHHO B 03 pacran> c yaejiHHeHHeM Macron*!. Ecjih b «MepHOM 
5HJUHKe» 3aKJH04eH TOJIbKO KOHUCHCaTOp, TO rpa<J)HK 3aBHCHMOCTH CHJIM 

TOKa or MacroTM HMeer bh a, npe^craBJieHHUH Ha pwc. 32 . 



3aBHCHMOCTh CHJIbl TOKa OT HaCTOTtJ npH nOCJiejJOBaTCJlhHOM BKJHO- 
neHHH pc3Hcropa h KOH^eHcaropa npeAcraBJieHa Ha pwc. 33. 



npH HapaJUlejIbHOM BKJHOHCHHH 3THX 3JieMeHTOB 3aBHCHMOCTb HMeeT j 
BH Oy nOKB3aHHbIH Ha pHC. 34. i 

R 1 


0 


Pvc.34 


V 
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OneBHUHO, b nepBOM cjiynae conpOTHRjieHHeM pe3HCTopa npH onpe- 
^ejieHHH eMKOCTH KOH^eHcaTOpa mo»cho npeHeSpenb Ha AocxaroHHO 
HH3KOH MaCTOTe. Ha BMCOKHX ')KQ HaCTOTaX M05KeT CTaTb npeHe6pe>KHMO 
ManbiM eMKocTHoe conpOTHBJieHHe KOH^CHcaTopa. Bo btopom cjiynae 
H3MepeHHe 3JieKTpHHecKoro conpOTHBJieHiw pe3Hcropa bo3mo*cho c no- 
Mombio OMMeTpa, a jmx onpe^ejieHHa cmkocth KOH^eHcaropa mohcho 
H aHTH 3HaneHHe ero eMKOcraoro conpOTHBJieHHe X c b oGnacTH bmcokhx 
nacTOT, r^e 

X c «R h 2 » X c ; 

x c - 1 1 
c J ' 2 nvX c 2nvU ' 

Ecjih b «nepHOM 5imHKe» Haxo^HTca 3JieKTpHHecKa« uent H3 nocne- 
^oBaTejibHO coe^HHeHHbix KaryuiKH, KOHAeHcaTOpa h pe3HCTopa, to 
rpa^HK 3aBHCHMOCTH CHJILI TOKa OT HaCTOTM npH nOCTOHHHOM 3HaneHHH 

nepev.eHHoro Hanpa^ceHHa U HMeeT bha, npeACTaBJieHHMH Ha pnc. 35. 



3HaneHHfl aKTHBHoro conpOTHBJieHHe R b 3 toh uenn mo*cho onpeAe- 
jiHTb, Bocnojib30BaBuiHCb TeM rpa^HKOM, hto npH HacTynneHHH pe3o- 
HaHca Z = Rh, cjieAOBaTejibHO, 


OTKy^a cjieAyeT: 



U 
R ' 



Emkoctk KOHAeHcaTOpa mo^kho onpeAenHTb, npHHflB, hto Ha HH3KHX 
nacTOTax noJiHoe conpOTHBJieHHe uenn 2 npH6jiH3HTeJibHO paBHo eMKO- 
CTHOMy COnpOTHBJieHHIO X c ‘ 


J 


u_ 

z 


— = 2itv CU . 


C = 


1 

2 nvU‘ 


OTKy^a HaxoAHM: 





96 noypowbie pa3pa6omKU k yveGnuKy f.R MRKUiueea, B.B Byxoeueea 


MHflyKTHBHOCTb KaTyiUKH L M05KH0 OnpefleJIHTb H3 yCJIOBHfl pe30- 
1 

HaHca = coL no 3KcnepHMeHTajibHO HanneHHOMy 3HaneHHK> pe30- 

coC 

HaHCHOH HaCTOTbl COq'. 


o^C 4 n 2 v\C 

ripn nojiyneHHH rpa^HKa 3aBHCHMOCTH chjim TOKa ot nacTOTbi Ta- 
Koro BH,aa, KaKOH npe^cTaBjieH Ha pncymce, mohcho caenaTb 3aKJiK>4e- 
HHe O TOM, 4T0 B «4epHOM «mHKe» BKJlK)4eHbI napaJUieJlbHO pe3HCTOp, 
KOH^eHcaTOp h KaTyuiKa. 3Ha4eHHX aKTHBHoro conpoTHBjieHHa, eMKO- 
CTH H HHflyKTHBHOCTH MO)KHO B 3TOM CJiyHae Onpe^eJlHTb aHaJlOTHHHblM 
cnoco6oM. 



EoJiee cnoHCHbie 3aBHCHMOCTH chjih TOKa ot HacTOTbi o6Hapy»cHBa- 
k>tc« npH pa3JiH4Hbix C04eTaHHJix napajniejibHoro h nocne^OBaTeJibHoro 
BKJH04eHH« 3jieMeHTOB qeneiL 


C, 

HH 


If 


c. 


Puc. 37 


HanpHMep, njw uenn, cxeMa kotopoh noxa3aHa Ha pwc. 37, rpa<})HK 
3aBHCHMOCTH CHJlbt TOKa OT HaCTOTbl HMeeT BHJi: 





ypOK 36. PecueHue 3adav 


97 


HaqantHbiH ynacTOK KpHBOH OA no3BOJiaeT onpe/jejiHTb 3jieKTpoeM- 
KocTb KOH^eHcaTopa Cj: 


1 2ttvU ' 

RH.ayKTHBHOCTI, KaTyiUKH L H 3 JieKTpOeMKOCTb KOH^eHCaTOpa C 2 

M 05 KH 0 paCCHHTaTb H 3 yCJlOBHJT. 

1 1 
V X = 7 H V 2 = r= . 

2xyJL(C t +Cj) 2 7tJLC 2 

IIopflAOK BbinoJiHeHHfl pa dot hi 

1. npoBe^HTe HcnbiTaHHe «nepHoro amHKa» c noMomtio OMMeTpa. 
3TOrO BbinOJIHHTe H3MepeHH5I 3JieKTpHHeCK0r0 COnpOTHBJieHHH Me- 

>KAy ero bmboabmh ajiji AByx HanpaBjieHHH 3 neicrpHHeCKoro TOKa. 

2. no,aKjiio 4 HTe «HepHbiH «mHK» nociie^oBaTejibHO c MHjuiHaMnep- 
MeTpoM nocToaHHoro TOKa k Bbixoay H3nn-2 Ha 12 B. BbinojiHHTe H 3 - 
MepeHHa chjim TOKa b uenH npH pa 3 AHHHMx 3 HaneHHflx HanpjoKeHHfl (ot 
0 ao 12 B). R 3 MeHHTe nojiapHocTi, noAKJHoneHHB HanpJOKeHHa k bmbo- 
A aw «nepHoro amHKa» h noBTopHTe cepnio H 3 MepeHHH. Ecjih otkaohc- 
hi™ cTpeAKH MHAAHaMnepMeTpa oneHt Majibi, 3 aMeHHTe MHAAHaMnep- 
MeTp MHKpoaMnepMeTpoM. 

3. riOAKJHOHHTe «HepHbIH 5HAHK» HOCAeAOBaTeAbHO C MHJIJIHaMnep- 
MeTpoM nepeMeHHoro TOKa k BMXOAy reHepaTOpa nepeMeHHoro Hanpa- 
>KeHH5I 3ByKOBOH HaCTOTM. Jl AH H3MepeHHA nepeMCHHOrO Hanpfl>KeHH5I Ha 
BbixoAe reHepaTOpa HcnoAb3yeTca aBOMeTp. 

HccjieAyHTe rpacJ)HK 3 aBHCHM 0 CTH chjili TOKa b uenn ot nacTOTM. 

4 . no pe 3 yAbTaTaM HcnMTaHHH «nepHoro 5 mjHKa» Ha iioctoahhom h 
nepeMeHHOM TOKe onpeAeAHTe napaMeTpM OAeKTpHHecKOH uenn b «nep- 
HOM JHAHKO). 

AoMauiHee 3aAaHHe 

P - 968; P - 969. 


ypOK 36 . PemeHHe 3 aAan 

Lfejib: HayHHTb Hcn 0 Ab 30 BaTb TeopeTHnecKHe 3HaHHa Ha npaKTHKe. 

Xoa ypoKa 

I. OpraHH3aUH0HHblH MOMeHT 

II. IIoBTOpeHne H3yneHHoro MaTepwajia 

4to npeACTaBABeT co6oh nepeMeHHMH OAeKTpunecKHH tok? 


4 B. A. Bojikob 
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- HTO Ha3LIBaeTC5I aMnJIHTy^HblM H MrHOBeHHbIM 3HaneHH5IMH CH- 
JI EJ nepeMeHHoro TOKa, HanpJOKeHHa? 

- Hto Ha3bmaeTca .neitcTByiomHM 3HaneHHeM chjim nepeMeHHoro 
TOKa h HanpJDKeHHH nepeMeHHoro TOKa? 

- Kan BjiH^eT Ha BejiHHHHy nepeMeHHoro TOKa HammHe b uenw hh- 

^yKTHBHOCTH, eMKOCTH? 

- Ot Hero 3aBHCHT BejlHHHHa HHAyKTHBHOrO H eMKOCTHOrO conpo- 
THBJieHH5r b uenw nepeMeHHoro TOKa? 

- HeMy paBHO nojiHoe conpoTHBjieHHe b uenw nocne^oBaTejibHo 
BKJHOHeHHblX aKTHBHOrO H peaKTHBHOrO COnpOTHBJieHHH? 

- 3anHiHHTe 3aKOH OMa rjw uenw nepeMeHHoro TOKa c nocJie^OBa- 
TeJIbHO BKJHOHeHHbIMH aKTHBHbIM H peaKTHBHbIM COnpOTHBJie- 
HH51MH- 

III. PeuieHwe 3 an an 

1. Kaxyio Heo6xonHMO B3*rrb cmkoctb b KoneOaTejibHOM Komype, 
HT06bI npH HH^yKTHBHOCTH 250 mFiJ MO>KHO 6bIJIO 6bl ero HaCTpOHTb Ha 
3ByKOByio nacTOTy 500 F u? 

Peuienue: 

T = 2n4UC\ C = -^-. 

(Omeem: C = 0,4- 1 0 -6 O.) 

2 . Ha Kaxyio /uiHHy BojiHbi HacTpoeH Ko;ie6aTejibHbiH KOHTyp, ecnn 
oh coctoht H3 KaTyniKH c HHjjyfCTHBHOCTbio L = q * 10 3 Th h nnocKoro 
KOH^eHcaTopa? PaccTOHHHe Me>Kny njiacraHaMH KOHneHcaTopa d = 1 cm, 
flHajieiCTpHHecKaji npoHHijaeMOCTb BemecTBa Me»^y njiacTHHaMH koh- 
AeHcaTopa e = 800 cm 2 . 

Peuienue : 

T = 2*JTc ; C = 

d 

T = A = 2 xcJlX^L. 

{Omeem: X « 2350 m.) 

3 . HafiTH HH^yKTHBHOCTb KaTymeK, ecjiw aMnnirryaa HanpmeHHH Ha 
ee KOHuax U 0 = 160 B, aMnnHTyna TOKa I 0 = 10 A h nacroTa v = 50 Fa. 

Peuienue: 

X, = a>L; (0 = 2 nv\ ; L = -^— = 0,051 Th. 

X L 2nvl b 

{Omeem: L = 0 , 05 1 Th.) 
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4. Kojie6aTejibHi>iH KOHTyp, cocToamHH H3 KaiyniKH hhaykthbhocth 
h B03,3yiiiHoro KOH^eHcaTOpa, HacTpoeH Ha jjjiHHy bojihsi X ( = 300 m. 
PaccToaHHe Me^my ruiacTHHaMH KonneHcaTopa npH 3tom paBHo di =4,8 
mm. KaKHM aojdkho 6biTb 3 TO paccToaHHe, hto6w KOHTyp 6tui HacTpoeH 
Ha flJiHHy bojihm X 2 = 240 m? 

Peiueuue: 

\ = InCjUC' , X, = 2kCJUc i ; 



{Omeem: d 2 = 7,5 mm.) 


5. JIaMnoHKy KapMaHHoro <j)OHapfl, paccHHTaHHyio Ha HanpjoKe- 
HHe U = 2,5 B h cnjiy TOKa I = 0,15 A, cocahhhjih nocae^OBaTejibno c 
KOH^eHcaTopoM h bkjijohhjih b ceTb c HanpaaceHHeM U| = 220 B h nac- 
TOTOH V = 50 Tl\. KaKOH .aOJDKHa 6bITb eMKOCTb KOH^eHCaTOpa, hto6u 
aaMnoHKa ropejia HOpMajibHbiM HaKajiOM? ( Omeem : 2,21 mkO.) 

6 . Hctohhhk nepeMeHHoro TOKa no^KJiiOHeH k nocJie.aoBaTeJibHOMy 
H HJXy KTHBHOMy COnpOTHBJieHHK), paBHOMy 0,2 Tu, H eMKOCTH, paBHOH 
15 mk<P. HacTOTa HCTOHHHKa TOKa paBHa 400 Th, aMruimy^a chjiw TOKa 
paBHa 42 mB. Han^HTe aMruiHTynHoe 3 HaneHHe 3 flC. {Omeem: e = 20 B.) 

7. KaKOH moujhocth nepeMeHHbw tok ^oH^eT ^o noTpe6HTeji», ecjiH 
MomHocTb no,acTaHHHH paBHa 50 kBt npH Hanpa>KeHHH 220 B? Yroji 
c^BHra (j)a3 paBeH 12°. ConpOTHBJieHHe jihhhh paBHO 1,2 Om. {Omeem: 
43,5 kBt.) 

IV. no^ee^eHHe htotob ypoica 

J^oMauiHee 3a>aaHHe 

P - 971; P - 972. 

ypoK 37. PeiueHHe 3tccnepnMeHTajibHbix 3a;ja4 

Ife/ib: HayHHTb npHMeHJiTb TeopeTHnecKHe 3HaHH* Ha npaKTHKe. 

Xo/i ypoica 

I. OpramnauHOHHbiii momcht 
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II. PeuieHHe 3aaan 

1 . Hcnonb3yfl hctohhhk nepewtHHoro Hanp5i>KeHHfl, KOH^encaTop m- 
BeCTHOH 3JieKTp0eMK0CTH, peOCTaT HeH3BeCTHOrO COnpOTHBJieHHB HJIH 
pe3HCTOp, a TaioKe BOJibTwexp, pa3pa6oTaHTe cnoco6 H3MepeHHB conpo- 
THBJieHHSE pe3HCTOpa. 

YKa3QHUSi: 



= r Vjl 1 
1 R x ' x U c (oC~ 
coC 


2. Co6epnTe uem> (cm. pwc. 40): 



■o-o 


Puc. 40 


06'bJICHHTe H3MeHCHHe HaKaJia HH3K0B0JIbTH0H JiaMnOHKH npH H3Me- 
HeHHH mmyKTHBHOCTH KaTyuiKH uiKoubHoro TpaHC(j)opMaTopa. 

Omeembtne Ha eonpoc: Kate h noneMy MeH«eTCfl HanpaweHHe Ha 3a- 
)KHMaX JiaMHOHKH H KaTyiUKH? 

3. Ha Kaiywxy c cepzjeuHHKOM Ha^eHbTe cjio^eHHoe ajiioMHHHeBoe 
Kojibuo. Bkjhohhtc KaTyuiKy b ceTb. HaGjnoflaeTCJi no/i6pacbiBaHHe 
Kojibqa Ha r cepAeHHHKOM. 3aTeM B03bMHTe pa3pe3aHHoe ajiioMHHHeBoe 
Kojibqo h Ha^eHbTe ero Ha cep^eHHHK. npH bkjhohchhh KaTyuiKH b ceTb 
pa3pe3aHHoe kojibuo no,n6pacbiBaeTC5i. 06'bHCHHTe BBjieHHe. 

4. ^Be o^HHaKOBbie no HanpflxceHHio h moiuhocth jiaMnbi (U = 220 B, 
P = 60 Bt) BKjnoHHTe nocjie/iOBaTejibHO c pa3JiHHHbiMn KonaeHcaTOpaMH 
b oxaeJibHbie 3jieKTpHHecK«e nenn nepeMeHHoro TOKa. IIoHeMy JiaMnbi 
ropaT c pa3JiHHHbiM HaKanoM? B KaKOM cjiynae eMKocTb KOH^eHcaTopa 
6ojibiue? 


5. KaK npOBepHTb, k KaKHM KJieMMaM Ha ojieKTpopacnpejiejiHTejibHOM 
iqnTe no.axo^HT (J)a30BbiH npoBOfl, a k KaKHM - HyjieBOH? 

6. Bo3bMHTe yHHBepcajibHbiH TpaHC<})0pMaT0p c o/ihoh KaTyuiKOH, 
cooTBeTCTByiomeH HanpB)KCHHK) ceTH. BfonouHTe ero b ceTb, a Ha cbo- 
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SoAHyio nacTb cepAeuHHKa HaMOTairre 1-3 BHTica npoBOAa, cocahhchho- 
ro c jiaMnofi Ha 2,5-3,5 B. ripn stom JiaMna He ropHT. QuenaHTe 4 -h bh- 
tok. ripw 3 tom noaBJiaexcfl cjia6biH HaKaji. flajiee npn 5-6 BHTKax HaKaji 
ycHjiHBaeTCJi. 06 bJicHHTe, none My. 

IIL IIoflBeAeHHe HTOroB ypoKa 

JoiyianiHee 3aAaHHe 

P - 978 ; P - 979 . 


T/iaBa 5. n pon3BOflCTBO, nepeAana 

m ncnojib30BaHMe 3/ieKTpnMecKOM 3Hepnm 

ypoK 38. renepaTopbi TOKa 

Ife/ib: nOKa 3 aTb npaKTHHecKoe npHMeHeHHe 3 aKOHa 3 JieKTpoMarHHT- 
HOH HH^yKUHH. 


Xoa ypoKa 

I. OpraHH3aUH0HHblH MOMeHT 

II. IloBTopeHHe H3yneHHoro 

- KaKoe aBjieHHe Ha3braaiOT 3JieicipoMarHHTHOH HHAyKUHen? 

- Me m OTjiHHaeTca ajieiapHHecKoe nojie, nopo>KAaeMoe nepeMeHHbiM 
MarHHTHbiM noJieM, ot 3 jieKTpo cTaTHuec Koro noun? 

- rioneMy b hchoabhachom npOBO^ameM KOHType, HaxoAameMca b 
nepeMeHHOM MarHHTHOM none, noaBJiaeTca HHAyKtuiOHHbiH tok? 

- MoaceT ah BH 3 BaTb tok b HenoABHACHOH KaTyuiKe MarHHTHaa cHJia 
JIopeHija, AeMCTByiomaa b Hen Ha CBo 6 oAHbie 3 jieKTpOHM co cto- 
poHbi MarHHTHOro nona MarHHTa? 

- C IIOMOmblO KaKOrO 3 aKOHa MO)KHO HaHTH CHJiy HHAyKIJHOHHOrO 
TOKa? 

- C(J>OpMyj!HpyHTe 3BKOH OAeKTpOMaTHHTHOH HIIAyKUHH. 

- MeMy paBHa 3JXC HHAyKUHH b KaTyuiKe H 3 N bhtkob? 

IIL AHaj1H3 3KCIiepHMeHTOB 

06'bacHHTe OKcnepuMeHTw: 

SKcnepuMetwt 1 

PhroTOBJieHHyio H 3 MeAHoro npoBo^a toaiahhoh 0 , 5-1 mm KaTyuiKy, 
H 3 30-50 bhtkob, AHaMeTpOM 50 cm, noAKAiouHTe k rajibBaHOMexpy Ae- 
MOHCTpaijHOHHoro BOAbTMeTpa. Pac no a o>KHTe KaTyuiKy nepneHAHKy- 
AflpHO K nAOCKOCTH MarHHTHOro MepHAHaHa H K MarHHTHbiM AHHHAM 
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MarHHTHoro nojia. 3aTeM noBepHHTe Ha non-o6opoTa. TajibBaHOMeTp 
OTMenaeT tok. noBepHHTe eme Ha non-o6opoTa - raubBaHOMeip oTMena- 
eT tok ^pyroro nanpaBJienwr rfoneMy? ( Omeem : B bhtkbx B03HHKaeT 
tok no a jjeiiCTBHeM MarHHTHoro nojia 3eMJiH.) 

3KcnepuMeHm 2 

Bo3tMHTe npoBO^HHK ^jihhoh 10 m, cjiohchtc ero BABoe h CAejiairre 
KaTyujKy AnaMeTpoM 4-5 cm. IIoAKAioHHTe kohubi o6motkh k raiiLBaHO- 
MeTpy h BBOAHTe BHyTpb Hee MarHHT. CTpejiKa HaxoAHTca b noKoe. 06b- 
HCHHTe Ha6AioAaeMoe abachhc. (Omeem: B kaacaoh nacTH B03HHKaeT 
3JXC, ho 3^C oahoh nacTH paBHO h npOTHBononojKHO no HanpaBJieHHK) 
3^C Apyron. ToKa b KaTyuiKe HeT.) 

OKcnepUMenm 3 

OcHOBHyio o6MOTicy ApoccejisnoH KaTyuiKH npncoeAHHHTe k raJiBBa- 
HOMeTpy AeMOHCTpanHOHHoro aMnepMeTpa. 

rioneMy npn BHeceHHH BHyTpb KaTyuiKH BOAonpo boa hoh Tpy6bi bo3- 
HHKaeT TOK? 

IIoBepHHTe Tpy6y c KaTyuiKy Ha 180°. TaAbBaHOMeip o6Hapy>KHBaeT 
tok. rioHeMy? 

YAapbTe AOCTaTOHHo chabho moaotkom no KOHuy Tpy6bi. rioneMy b 
MOM eHT yAapa B 03 HHKaeT tok? 

llepeBepHHTe Tpy6y c KaTyuiKOH h bhobb yAapbTe. rioneMy raAbBa- 
HOMeTp oTMenaeT b nocjreAHCM cjiynae 60AM110H tok? 

(Omeem: B nepBOM onwTe Tpy6a AeiicTByeT KaK MarHHT, nocKOJibKy 
OHa HaXOAHTCA B MarHHTHOM nOAe 3eMAH. Bo BTOpOM - nOBOpOT BbI3bI- 
BaeT nepeMarHHH h bbh ne ee b noAe 3cmjih, hto npnBOAHT k H3MeHeHHio 
MarHHTHoro nojia okojio KaTyuiKH h k bo3hhkhobchhio HHAyKnnoHHoro 
TOKa. npH yAape yBeAHHHBaeTca cTeneHb HaMarHHHHBaHH* Tpy6bi. B 
pe3ynbTaTe Ha6AK>AaercA H3MeHeHHe MarHHTHoro noA«, KOTopoe npHBo- 
AHT K B03HHKH0BCHH10 TOKa. flpH nepeMaTHHHHBaHHH b npOHCcce yAapa 
HaGmoAaeTCA 6oAbiuoe H3MeHeHne MarHHTHoro noun, hto npHBOAHT k 
B03HHKHOBCHHK) GoAblHOTO TOKa.) 

IV. H3y4eHHe HOBoro MaTepnajia 

B reHepaTope nepeMeHHoro TOKa MexaHHHecKaa OHeprHa BpameHHA 
npeo6pa3yeTca b 3AeKTpHHecKyio 3HeprHK) nepeMeHHoro TOKa. Coctoht 
reHepaTOp H3 HHAyKTopa (sAeiopoMarHHTa hah MarHHTa, co3Aafomero 
MarHHTHoe noAe), a Kopa (o6motkh, b kotopoh B03HHKaeT 3 J\C). Ero 
AeHCTBHe OCHOBaHO Ha ABAeHHH 3AeKTpOMarHHTHOH HHAyKHHH. 

IlycTb MarHHT BpamaeTCA BOKpyr paMKH c nocTOAHHOH nacTOTOH v. 
3a BpeMA t oh coBepniaeT N = v • t o6opotob. KaacAOMy o 6 opOTy coot- 
BeTCTByeT 360° hah 2a. 3 a Bee BpeMH MarHHT noBepHeTca Ha yron: 
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A / = 2 ft N = 2 k vt - cot , 


r,ae (D = 2nv - UHKjiHqecKaa nacTOTa BpameHHa. 

PaMKa 6yAeT npomnbiBaTbCH MarnnTHtiM noTOKOM: 

<X> = B Scosl = BScos(l 0 + A/) = ££cos(tftf + /j) . 

H3-3a nocTosiHHoro h3mchchhsi yrna npoHH3UBaiomHH paMKy Mar- 
HHTHUH nOTOK Toace MeHaeTca: 

e i = = -(BS cos P) =BSsinir; 

J p' = (^y/ + /j) -co. 


= 55<s;sin(<i3r + P 0 ) . 

Ecjih noAKjiioHHTi, ycTpoflcTBO, noTpe 6 junomee 3 Heprmo, to: 

A = sm(63/ + / 0 ). 

B paccMoxpeHHOH MOAe/iH Bpamaiomeitcs nacTbio (poTopOM) 6biJi 
MarHHT, a HenoABHacHOH qacT bk) (cTaiopoM) - paMKa. Ho Mo>KeT Ositb h 
H aoSopOT: paMKa - flKOpb reHepaTopa, CTaTop - MarHHT. npHHHHoii no- 
ffBJieHHfl Toxa 6y^eT AeficTBue qa 3JieKTpOHbi, ABHacymneca BMecTe c 
paMKOH MaTHHTHOH CHJIbI JIopeHUa. AHaJIOFHHHblM o6pa30M yCTpoeH h 
reHepaTop noCToaHHoro TOKa. 


V. 3aKpenJieHHe MaTepwajia 

- Hto npe,aCTaBJiaeT co( 5 oh reHepaTop nepeMeHHoro TOKa? 

- OnniuHTe ero ycTpoflcTBO h npHHiiHn AeHCTBH*. 

JJanee peiueHwe 3a^aq _Nb 979-980. 


VI. IIoABe,aeHHe HToroB ypoxa 

iloMauiHee 3aAaHHe 

n. 37. 


ypOK 39. TpaHc<|)opMaTop. Ilepe/iana 3JieKTpo3HeprHH 

Lfesiu: noKa3aTb cnoco6bi nepe/iaHH 3JieKTpo3HeprHH ; no3HaKOMHTb c 
ycTpoHCTBOM TpaHC(}>opMaTopa. 

Xoa ypoKa 

I. OpramnauHOHHbiH momcht 

II. Bonpocbi AJifl noBTopeHHfl 

- Hto TaKoe aBTOKOjie6aHH«? 

- OnHuiHTe npHHUHn aghctbhjt jiaMnoBoro reHepaTopa. 

- HaqepTHTe cxeMy reHepaTopa Ha TpaH3HCTope. 
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- riepeMHCJiHTe ocHOBHbie oneMeHXbi aBX0K0Jie6aHHft cwcxeMbx 

- KaKHe AexaJiH jiaMnoBoro reHepaTopa hm cooxBexcxByiox? 

III. HayneHne Hoeoro MaTepnajia 

3 .IJC moiuhwx reHepaTopoB ajieKTpocxaHUHH aobojibho BeJiHKa. Me- 
ytcjiy Tew Ha npaicraice name Bcero ny>KHO He cjihuikom Bbicoxoe nanpa- 
^ceHHe. npeo6pa30BaHHe nepeMeHnoro xoxa, npn kotopom HanpjDKeHHe 
yBejiHHHBaeTCfl hjih yMeHbiuaexca b HecicojibKo pa3, npaKXHH ecKH 6e3 
noxepb moihhocxh ocymecTBjiaeTCH c noMombio xpaHC<j>opMaxopOB. 

TpaHC(J)OpMaTOp coctoht H 3 3aMKHyToro cxajibHoro cep/ieHHHKa, 
co6paHHoro H3 njiacxHH, Ha Koxopbin Ha^exbi aae (HHor^a h 6ojiee) 
KaTyUIKH C npOBOJIOHHbIMH o6MOTKaMH. O^Ha Ha3bIBaeTCJI nepBHHHOH 
(noAKjnonaeTCH k HcxoHHHKy nepeMeHHoro Hanp5DKeHHa). BTOpyio 06- 
MOTKy, k kotopoh npucoejiHHJiiox «Harpy3Ky» (npH6opbi), Ha3biBaiox 

BTOpHHHOH. 

fleficTBHe xpaHC(f)opMaxopa ocHOBaHO Ha hbjichhh ajieKxpOMarHHx- 

HOH HHAyKUHH. 

npH npoxo*cneHHH nepeMeHHoro TOKa no nepBHHHOH o 6 motkc b 
cep,zieHHHKe noflBjmexca nepeMeHHbift MarHHXHbift noxoK, Koxopbin B03- 
6y>KAaeT 3 flC HHjiyKUHH k Ka^oft o 6 motkc. 

e = -O' ; O' = -<yO„ sin^yf . 

£ m ~ ClJ ®m ~ aMnjiHxyAa 3^C b oahom BHXKe. 

IIojiHaa 3flC b nepBHHHoft o6MOTKe - N -l. 

Bo BXOpHHHOH - N 2 ‘1 2 , 

i = ^L. 

h V 


U 2 ~s 2 n 2 

K- K03(J)(J)HnHeHX XpaHC(()OpMaUHH. 

Ecjih K > 1, xpaHC(J)opMaxop - noHHHcaiomHH. 

Ecjih K < 1, xpaHC(()opMaxop - noBbiiuaiomHH. 

Ecjih sxopaa o6MOxica 3aMKHyxa Ha Harpy3Ky, b Heft nouBjinexca ne- j 
peMeHHbifi xok. Moiuhocxb b nepBHHHofi o6MoxKe 6y,aex npH6jiH3Hxejib- « 
HO paBHa MOUIHOCXH BO BXOpHHHOH. ] 

U\I X » U 2 ^2 i | 



FIoBbiuiaH c nOMombio xpaHC<}>opMaxopa Hanpji^ceHHe b HecicojibKoJ 
pa3, Mbi bo cxojibKO ymc pa3 yMeHbmaeM CHjiy xoica, h Hao6opox. 1 
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CymecTByiomvie b TpaHc^opMaxope He3HaHHTejibHbie noTepn 3Hep- 
rHH (2-3 %) o6ycjioBJieHbi nepeMarHHHHBaHHeM cep^eHHHKa, Bbi^ejie- 
HneM TenJioTbi b o6MOTKax u cepAeHHHKe. 

IV. 3aKpemieHHe \ia iepnajia 

- HtO Ha3bIBaiOT TpaHCC^OpMaTOpOM? 

- Ha KaKOM BBJieHHH OCHOBaH npHHUHn ACHCTBHB TpaHC^OpMaTOpa? 

- OnniuHTe ycTpoiicTBo TpaHcc^opMaTOpa. 

BTO Ha3bIBaK>T K03(|)(J)HIlHeHT0M TpaHC(j)OpMaUHH? 

V. IIpoBe^eHHe caMOCTOHTeJibHOH paGoTbi 


I eapuanm 

1 . B KOJie6aTCJibHbiH KOHnyp BitrnoHeH KOnzjeHcaTop eMKOdbio 200 kO. 
KaKyiO HHAyKTHBHOCTb Hy>KHO BKJIIOHHTb B KOHTyp, HT 06 bI nOJiyHHTb B 
HeM 3JieKTpHHecKHe KOJie6aHHfl nacroTOH 400 kTh? ( Omeem : 0,8 Th.) 

2. K 3a^HMaM reHepaiopa npHcoeAHHeH KOHAeHcaTop eMKOCTbio 
0, l mk<D. Onpe^ejiHTb aMnjimyAy KOJie6aHHH HanpsoKeHHj* Ha 3a>KHMax 
KOHAeHcaTopa, ecJiH cnjia Toxa paBHa 1,6 A, nepHOA Kone6aHHH paBeH 
0,2 mc. (Otbct: 700 B.) 

3. B KOJie6aTejibHOM KOHType HHAyKTHBHOCTb KaTyniKH paBHa 0,2 Th, 
a aMmiHTyAa KOJie6aHHH chjih TOKa paBHa 40 mA. HafiTH 3HeprHK> 3JieK- 
TpHHecKoro non* KOHAeHcaTOpa h MarHHTHoro nojia KaTyuiKH b tot mo- 
MeHT, Kor^a MrHOBeHHoe 3HaneHHe ghjih TOKa b 2 pa3a MeHbine aMrum- 
TyAHoro 3HaHeHHa. (Omeem: 120 mkJIjk; 40 Mk/(>k.) 

flonojiHumejibHan labana 

TpaHC(J)OpMaTOp C K03(j)<j>HHHeHTOM TpaHc4)OpMaUHH paBHBIM 1 0, no- 
HH>KaeT Hanpa)KeHHe c 10 kB ao 800 B. ripH 3 tom bo btophhhoh o6mot- 
Ke hact tok chjioh 2 A. OnpeAeJiHTe conpOTHBjieHHe btophhhoh o6mot- 
kh. (noTepaMH 3 HeprHH npeHe6peHb.) (Omeem: 100 Om.) 

II eapuanm 

1. Cana TOKa H3MeH«eTCfl no 3aKOHy i = 3cos^l00;r* + . OnpeAe- 

jiHTe aMnJiHTyAy KOJie6aHHH chjibi TOKa, AencTByiomee 3HaneHHe chjim 
TOK a, HHKJiHHecKyio h AHHeHHyio nacTOTy KOJie6aHHH, nepHOA, (J)a3y h 
H anaAbHyio 4>a3y KOJie6aHHH. (Omeem: 3 A; 2,13 A; 100a; 50 Th; 0,02 c; 

100*1+-.) 

3 
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2. KoH^eHcaTOp bkjhohch b ijenb nepeMeHHoro TOKa c nacTOTOH 
50 Ta. HanpJDKeHHe b ceTH paBHo 220 B. Cwjia TOKa b nenn paBHa 2,5 A. 
KaKOBa eMKOCTb KOH^eHcaTopa? ( Omeem : 36 ^kO.) 

3. HaR^HTe oTHomeHHe 3HeprnH MarHHTHoro nojut k 3HeprHH 3JieK- 


TpH^ecKoro no m nun MOMeHTa BpeMeHH 


r 

8 


CHHTajf, hto nponeccfci npo- 


hcxo^ht b HweajTBHOM KOJieGaxejibHOM KOHType. (Omeem: 1:1.) 


JJonojin unteibnafi jadami 

Cnjia TOKa b nepBHHHOH oGmotkc TpaHc<J)opMaTopa paBHa 0,5 A, Ha- 
npJCKeHHe Ha ee KOHijax paBHo 220 B. KaxoBa curia TOKa bo btophhhoh 
o6MOTKe TpaHC(f)opMaTOpa, ecjin HanpjnxeHHe bo btophhhoh paBHo 1 2 B, 
a KII TpaHCtjiopMaTopa paBHo 87%? (Omeem: 8 A.) 


OueiiKu: 

«3» - 3a o^Hy 3a^any; 

«4» - 3a /jBe 3ajjaHH; 

«5» - 3a TpH 3aj*aHH. 

VI. IIoABeAeHHe htotob paOoTbi 
^OMauiHee 3aaaHMe 

n. 38. 


ypoK 40. JIaOopaTopHasi pa6oTa no TeMe 
«Onpe/jejieHHe nncjia bhtkob b oftMOTKax Tpanc(|)opMaTopa» 

3adanue: onpe;jejiHTe hhcjio bhtkob b o6motkc TpaHC(f>opMaTopa. 

Odopydoeanue: TpaHC(j>opMaTop Jia6opaTOpHbiH; hctohhhk nepe- 
MeHHoro Hanpji>KeHH5i 12 B; aBOMeTp ABO-63; npoBO# H30JiHp0BaHHbiii. 

Xo/i ypoica 

CoaepacaHHe h MeToa BbinojnieHHH paooi bi 

Jl jih onpeAejieHHB HHCJia bhtkob b o6MOTKe TpaHc^opMaTOpa c HeH3- 
BecTHtiMH napaMeTpaMH mo^kho BQcnojib30BaTbca TeM cbohctbom 
T paHC(J)OpMaTopa, hto b peacHMe xojiocToro xo^a OTHomeHHe Hanpjnxe- 
HHH Ha nepBHHHOH U } H BTOpHHHOH U 2 erO o6MOTKaX paBHO OTHOineHHK) 
HHCJia BHTKOB CO ] B nepBHHHOH o6MOTKe K HHCJiy BHTKOB C 0 2 BO BTOpHH- 
HOH o6MOTKe: 

£l = H. 
u 2 0 ) 2 ' 
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HaMOTaB Ha cep^eHHHK xpaHC(}>opMaTopa BTOpHHHyio oGmotky c h 3- 
BecTHtiM hhcjiom bhtkob co 2 h, H 3MepHB Hanpa>KeHHe U 2 Ha nepBHHHyio 
oGMOTKy, mo 5 kho onpexiejiHTb hhcjio bhtkob o)j b nepBHHHOH oGmotkc: 


lIopsiAOK BbinojiHemisi pa6oTbi 

1. HaMOTafiTe BTOpHHHyio o6MOTKy H3 20-40 bhtkob Ha cepAeHHHK 
Hccjie^eMoro TpaHC(J>opMaTopa. 

2. IIOflKJIIOHHTe BblBOflbl nepBHHHOH 06MOTKH TpaHC<j)OpMaTOpa K HC- 
TOHHHKy nepeMeHHoro HanpaaceHiia \Ji = 12 B, H3MepbTe HanpaaceHne 
U 2 Ha BTOpHHHOH oOMOTKe. ITo H3MCpCHHb]M 3HaHeHH5IM HanpaaceHHa Ui 
H U 2 H H3BeCTHOMy HHCJiy BHTKOB 0>2 BO BTOpHHHOH o 6 mOTKC, Onpe^eJIH- 
Te HHCJIO BHTKOB CO] B nepBHHHOH o6MOTKe. 

I JonoJiHumejibHoe 3adanue 

npe.ZHio>KHTe cnoco6 onpeaejieHHa npejiejibHoro 3HaHeHH« Hanp«5Ke- 
hhh, KOTOpoe mo)kho nojiaBaTb Ha nepBHHHyio oGMoncy TpaHCiJiopMaTO- 
pa. Onpe^ejiHTe tto npe^ejibHoe HanpaxceiiHe 3KcnepHMeHTanbHO. 

iloManmee 3aaaime 

n. 38. 


ypoK 41. IlpoH3BO^CTBo, nepe^aHa h Hcnojib30BaHHe 

3 JieKTpHHeCK 0 H 3 Hepriin 

Lfejtb: paccMOTpeTb Hcnojib30BaHHe 3JieKTpHHecKOH 3HeprHH. 

Xofl ypoKa 

I. OpraHH3ailH0HHbIH MOMeHT 

II. IIoBTOpeHHe mynemioro 

- BtO Ha 3 bIBaiOT TpaHC 4 )OpMaTOpOM? Ha KaKOM JIBJieHHH OCHOBaH 
npHHimn ero ^eHCTBHa? 

- OnHiiiHTe ycTpoficTBO TpaHC(f)opMaTOpa. HanepTHTe cxeMy ero 
BKJiiOHeHHa b uenb. 

- HtO Ha 3 bIBaeTCH K 03 (J)<J)HUHeHT 0 M TpaHC(})OpMaUHH? 

- Hto Ha 3 MBaeTcii KH /1 Tpanc(f)opMaTopa? 

- Hto 6yaer c TpaHC(j>opMaTopoM, ecjiH ero bkjhohhtb b uenb noCTO- 
BHHOrO TOKa? 
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III. IftyneHiie hobofo rviarepnajia 
Flpoiueodcnteo 3jieKmpo3Hepeuu 


1850 



Puc. 41 


OcymecTBjiaeTCH npoH3BOACTBo b ochobhom c rroMombio 3jieKTpoMe- 
xaHHHeCKHX HH^yKqHOHHtix renepaTopOB, 

IlojiyMeHHe 3JieKTp03Heprnn b 6biBiueM CCCP. 3to 3jieicrpocTaHUHH: 
xennoBbie (T3IJ), rH^posjieKTpocxaHUHH (r3C), axoMHbie (A3C). 
Hctohhhkh 3HeprHH T3U, - yrojib, ro, Ma3yT, cjiamibi. 


3HeprHfl 

BHyTpeHHflfl 

MexaHH'iecKa* 
». (KHKeTHHecKaa) — 

3neKTpHMecKafl 

ToruiHfla 

3Heprw« napa 

3Heprn« Typ6«H 

3HeprHf> 


Hctohhhk 3HeprwH T3C - noxemjHajibHafl 3Heprna boam. 


3Heprw« ^ KwHeTHMecKaH ^ 3.neKTpHHecKafl 

3Heprwjj TypdHH 3neprwi 


10—20 kB 


flepedana ajieKmpunecKou duepeuu 

i XS> 



2 3 4 

Uji 400-900 kB 


380 


* 


K 


n 

220 B ? 




6 e 

6 


660 ^ 0 


Puc. 42 


1 - pereHepaTOp nepeMeHHoro Toxa; 

2 - noBWuiafomwe TpaHC<})opMaxophi; 

3 - jihhhh sjieiaponepe^aMH (JI3fl). 
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4-7 - noHJDKaiomHe TpaHC(j>opMaTopbi. 

TennoTa, BbmejiaeMaJi tokom Ha JI3I1, Q-I 2 Rt conpOTHBjieHHe 


/ 2 l 

JI3FI R - p— . nojiynaeM Q = I p-~t . 
S ^ 


M 3 3 Toro cneAyeT, hto aha yMeHbiueHHa Q Hy)KHo jihGo yBenHHHTb 5, 

4T0 3KOHOMH4eCKH HeB03M0>KH0, J1 h6o yMeHMUHTb CHJiy TOKa L /1/lH 
yMeHbiueHHH chjiw TOKa Hy>KHO yBeJiHHHTb HanpaaceHHe, ^jih 3Toro hc- 
noJib3yioT noBbiuiaiomne TpaHC(J)opMaTOpbi. 


Hcnojib 3 oeanue jjieKmpojnepzuu 

npoMbimjieHHoCTb, TpaHcnopT, cejibCKoe xo 3 hhctbo, 6biTOBoe no- 
TpeSjieHHe (ocBemeHHe, xojicyuuibHHKH, TejieBH30pbi). Eojihiuaa nacTb 
3jieKTp03HeprHH npeBpamaeTca b MexaHnnecKyio; 1/3 - Ha TexHHHecKHe 
ueJiH (3JieKTpocBapKa, nJiaBJieHHe, 3jieKTpojiH3 h t.il). 

IV. 3aKpenjieime lviaTepnajia 

- Kaxne THnbi 3Jie KTpocTaH uh h bli 3HaeTe? 

- Ha30BHTe npeHMymecTBa 3JiCKTp03HeprHH nepe^ /tpyrwMH BH^a- 
MH 3HeprHH. 

FlepeHHCJiHTe, Kaxwe npeBpaiueHHa 3HepntH npoHcxoAHT npw 
npoH3Bo^cTBe 3^emrpo3HeprnH Ha T3C, T3C. 

- KaK ocymecTBJiaeTca nepe^ana 3JieKTpo3HepraH Ha GojibUiwe 
paCCTOflHHH? 

- riOHeMy, neM jyiHHHee jihhh* nepeaanH, teM Bbiro^Hee Hcnojib- 
30 BaTb 6ojiee BbicoKoe HanpjnKeHHe? 

- KaKHMH npeHMymecTBaMH o6jia,aaeT nepeMeHHbifi tok nepea no- 

CTOflHHblM? 

V. IIoABeAeHHe htotob ypoica 

Ao Maumee 3aaamie 

n. 39, 40. 


YpoK 42 . PeuieHHe 3 a,aaH no TeMe 
« 3 jieKTpoMarHHTHbie KOJieOamifl. IlepeMeHHbiif tok» 

Lfejiu: pa3BHTHe HaBbiKOB caMOCToaTejibHoft pa6orbi; oTpaSoTKa Me- 
to^ob peuieHHH 3 ajjan. 


Xo ji ypoKa 

I. OpraHH3aUHOHHbIH MOMeHT 

II. iipoBe^eHne caMOCToirrejibHOH pa6oTbi 
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3adanu na «3» dajuia 

1. KoJie6aTejibHi>iH KOHTyp coctoht H3 KaTyuiKH hh^kthehoctlio 

0,2 Tu h KOH^eHcaTopa, eMKOCTb KOToporo MeHJieTca ot 10~ 7 40 k<J>. 

Ha KaKHe AJiHHbi bojih paccHHTaH KOHTyp? ( Omeem : 266 iim; 5,33 nM.) 

2. no rpa(})HKy (pwc. 43) onpe,uejiHTe aMnumyaHoe 3HaueHHe cmibi 
TOKa, nepno/1 h nacTory. HanmiiHTe ypaBHeHHe jpm MrHOBeHHoro 3Ha- 
neHHa CHjibi TOKa. (Omeem: 6 A; 0,04 c; 25 Hi; / = 6sin 50;r/ .) 



3. Mo>KHO J1H npneMHblM KOJieOaTCJIbHblM KOHTypOM, COCTOHIUHM H3 
KaTyuiKH HHAyKTHBHOCTblO 0,01 Th H KOHfleHCaTOpa eMKOCTb K) 10 K O, 
npHHHMaTb nepe^anH pazjHOCTaHUHH, paGoTaiomefi Ha bojihc ^tihhoh 
100 m? (Omeem: Hejib35i.) 

4. ypaBHeHHe KOJie6aHHH HanpjDKeH hji (b CM) U = 40*sinl0;r* . On- 
pe^eJiHTe aMnjiHTy^Hoe w ^eiicTByiomee 3HaneHHH HanpaaceHUH, nepHOA 
h uacTOiy KOJieGaHHH. (Omeem: 40 B; 28,4 B; 0,2 c; 5 Tu.) 


3adanu Ha «4» 6aruia 

1. K nepBHHHOH o6MOTKe TpaHC(})OpMaTopa, HMeiomero Koa(J)(J)HqH- 
eHT TpaHC(J)opMauHH 8, no^aHo HanpjnKeHHe 220 B. KaKoe HanpaaceHne 
CHHMaeTca co BTopHHHOH o6motkh, ecjiH ee aKTHBHOe COnpOTH BJieHHe 
2 Om, a tok, TeKymHH no Hen, paBeH 3 A? (Omeem: 21,5 B.) 

2. AKTHBHoe conpoTHBJieHHe KaTyuiKH 4 Om. CHJia TOKa Bbipa>KaeTCtf 
(JjopMynoH i = 6,4*sin(314f) . OnpeAejiHTb MomiiocTb h MaKCHManbHoe 

3 HaneHHe TOKa b otoh uenn. Heuy paBHO .aewcTByiomee 3 HaneHHe TOKa? 
KaKOBa nacTOTa KOJie 6 aHHH TOKa? (Omeem: 82 Bt; 6,4 A; 50 Hi.) 

3. B uenb nepeMeHHoro TOKa bkjtkjhch KomjeHcaTOp eMKOCTb io 1 mkO 
H flpOCCeJIL HH^yKTHBHOCTblO 0,1 Th. HaH^HTC OTHOllieHHfl HHayKTHBHOrO 
conpOTHBjieHHH k eMKOCTHOMy npn nacTOTc 5 kTu. llpn KaKofi uacTOTe 3 th 
conpOTHBJieHna CTaHyT paBHbiMH? (Omeem: 100; 503 fit) 
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4. B uenb nepeMeHHoro toks c nacTOTOH 50 Tu bkjhomcho aKTHBHoe 
conpoTHBJieHHe 5 Om. AMnepMeTp noKa3braaeT cnjiy TOKa 10 A. Onpe- 
AeAHTe MrHOBeHHoe 3HaneHHe Hanpa>KeHHfl nepe3 1/300 c, ecjin KOJieSa- 
hhh TOKa npoHCxo^BT no 3aKOHy KOCHHyca. ( Omeem : 35,5 B.) 


3adanu Ha «5» 6aiuioe 

1. KoHTyp pa^HonpweMHHKa HacTpoeH Ha paAnocTaHunio, nacTOTa 
KOTopofi 9 Mru. KaK HyacHO H3 mchhtl cmkoctb nepeMeHHoro KOH^eHca- 
Topa KOJieSaTejibHoro KOHTypa npneMHHKa, hto6u oh 6bia HacTpoeH Ha 
AAHHy bojihm 50 m? {Omeem: YBejiHHHTi, b 2,25 pa3a.) 

2. B KOJieSaxejibHOM Konxype KovweHcaTop eMKocTbto 50 kO 3apa^en 
AO MaKCHMaAbHoro HanpjDKeHHB 100 B. OnpeAeAHTe pe30HaHCHyio nacTo- 
Ty KOAeSaHHH b KOHType, ecAH MaKCHManbHaa CHAa TOKa b KOHiype paBHa 
0,2 A. AKTHBHoe conpOTHBAeHne paBHO HyAK). {Omeem: 6,37 kV\\.) 

3. CHAa TOKa H3MeH*eTC5i no 3 aKOHy i = 8,5‘sin(314/ + 0,65 1) . On- 
peAeAHTe AencTByiomee 3Ha4eHne TOKa, ero HanaAbHyio (J>a3y h nacxoTy. 
HaHAHTe tok b uenn npu t* = 0,08 c h t 2 = 0,042 c. {Omeem: 5,02 A; 
8,14 A.) 

4. Pe30HaHc b KOAeSaxeAbHOM KOHType c KOHAeHcaTopoM eMKocxbto 
10 -6 <£> HacTynaeT npn nacTOxe KOAe6aHHH 400 Tq. KorAa napanaeAbHO k 
KOHA eHcaTopy C } noAmnoHaeTc* Apyron KOHAencaTop C 2 , pe30HaHCHaa 
nacTOTa CTaHOBHxcsi paBHoii 100 Ti*. OnpeAeAHTe cmkoctb C 2 . Conpo- 
THBAeHHeM KOHTypa npeHeOpenb. {Omeem: 15 mk<E>.) 


3ada.HU nosbtiuennou cnoj/CHocmu 

1 . PaAHOAOKaTOp pa6oxaeT Ha boahc 1 5 cm h Aaex 4000 HMnyAbcoB b 
ceKyHAy. AAHTenbHOCTb KaacAoro HMnyAbca 2 mkc. Ckoabko KOAeSaHHH 
coAep>KHTC5i b Ka>KAOM HMnyAbce h KaKOBa HaH6oAbiuaH rAy6HHa pa3- 
BeAKH AOKaTopa? {Omeem: 37,5 km; 4000.) 

2. 3ap5l5KeHHbIH KOHAeHCaTOp 33MKHyT Ha KaxyiUKy HHAyKTHBHOCTH. 
tlepe3 KaKoe BpeMB (b aoajix nepHOAa) nocAe noAKAioneHMa aneprHJi b 
KOHA eHcaxope OKa>KeTC« paBHofi 3HeprHH b KaiyniKe HHAyKTHBHOCTH? 

{Omeem: / = ^7\) 

III. IIoABeAeHHe HTOroa paSoTw 

AoMaiuHee 3aaaHHe 

n. 37-41. 
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ypOK 43. 3jieKTpHl|)HKaUH5 I Pocchh 

Ifeub: noKa3aTb 3HaneHHe aJiexTpHfJmxauHH .ana pa3BHTHa h 6jiaro- 
nojiynwa cTpaHbi. 


Xoji ypoKa 

I. OpraHH 3 aUHOHHbIU MOMeHT 

II. IIpoBeAeHHe caMOCTOHTejibHOH pa6oTbi 

I eapudHm 

1 . Kaxon tok Ha3biBaexc5i nepeMeHHbiM? ( Tok , y Komopoeo nepuodu- 
necKU U3 M £hr em cm eemmuna u nanpaenenue .) 

2. Bhtok BpamaeTca b o^hopo^hom MarHHTHOM nojie. KaK pacnojio- 
aceHbl MarHHTHbie CHJIOBbie JIHHHH OTHOCHTeJIbHO nJIOCKOCTH BHTKa B 
MOMeHT BpameHHfl, xor.ua 3flC hh^kuhh paBHa Hynio? ( FlepnenduKy - 
jiHpno nnocKOcmu eumxa .) 

3. Ot KaKHX BejiHHHH 3aBHCHT MaxcHMajibHaa 3J\C reHepaTOpa? (Om 
Hucna eumxoe odMomxu, nuc/ia o6opomoe e edumajy epeAtenu u eenmu- 
Hbi ruioufadu eumm MaenumH020 noun.) 

4. Ot KaKHX bcjihhhh 3aBHCHT qacTOTa reHepnpyeMoro Toxa? (Om 
Hucna o6opomoe e eduHuyy epeMenu u nap Maenumubix nomocoe .) 

5. PaMKa BpamaeTCH b MarHHTHOM none, npnneM e m = 4 B. KaxoBa 

3/(C b paMKe qepe3 — T , ecjiH npH t = 0 HopMajib k ruiocxocTH paMKH 
4 

napaxuiejibHa jihhhbm HHjjyxuHH nojia? (s = 4 B.) 

6. H3MeHeHHe 3,HC b paMKe, KOTOpaa BpamaeTca b MarHHTHOM none, 
3a,aaHo ypaBHeHHeM / = 10cos200f. KaxoBa aMnnHTyaa 3 jJC h co6ct- 

BeHHaa nacTOTa BpameHHa paMKH? ( e - 10 B; v - rtf.) 

7 t 

7. Kax H3MeHHTC« 3flC reHepaTOpa, eciiH hhcjio o6opotob poTOpa 
yBeaHHHTb b 2 pa3a? (YeeJiummcM e 2 pa3a.) 

8. JJjir Hero HcnoJib3yioT b xanecTBe poTopa MHoronojnocHon 3Jiex- 
TpoMarHHT? ([(jih nojiyneHUH moxa ehicoKou nacmomhi (50 rij) npu Ma- 
jibix odopomax .) 

9. ummm oGmotkh poTopa reHepaTOpa nepeMeHHoro Toxa hc- 
nojib3yiOT ... ( riocmoxHHbiu mox.) 

II eapudHm 

1. Kaxoe aBJieHHe 6buio ncnojib30BaHo npH ycxpoiicTBe reHepaTOpa 
nepeMeHHoro Toxa? (flenemie oneRmpoMasHumnou rndyKijuu.) 
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2. Bhtok BpamaeTCJi b oahopoahom warHHTHOM none. Kax pacnono- 

>KeHbI MarHHTHfeie CHAOBbie AHHHH OTHOCHTeJlbHO nJlOCKOCTH BHTKa B 
MOMeHT BpeMeHH, Kor^a E t HMeeT MaKCHManbHoe 3HaneHHe? (Ilapaji- 
jienbuo ruiocKOcmu eumKa.) 

3. Ii3MeHeHHe B 3aBHCHMOCTH OT BpeMeHH a jm paMKH, Bpa- 

maiomencH b MarHHTHOM none, 3anaH0 ypaBHeHneM e~ 200 cos lOOnt . 
KaKOBti 3HaneHH» aMnjiHTynti h ahkahhcckoh nacTOTtr spameHHA paw- 
kh? ( s M = 200 B ; co = 100 nTtf .) 

4 . KaKoe ypaBHeHHe 3aBHCHM0CTH 3JJC ot BpeMeHH cooTBeTCTByeT 
pncyHKy? 



( E ~ 50 sin 10 7i t.) 

5 . KaKOBO HHCAO BHTKOB B paMKe IWOIAAAblO 1 M 2 , BpainaiOineHCfl B 
OAHOpOAHOM MarHHTHOM none C qaCTOTOH V = 0,5 Tu. HHnyKinM MarHHT- 

Horo non» paBHa 1 T si. MaKCHMajibHaa 3J\C b paMKe 3,14 B. (S eumme) 

6. CornacHo pHcyHKy (cm. pnc. 44) onpeACnHxe hhcjio o6opotob b 
eAHHHny BpeMeHH pOTOpa reHepaTopa (p = 1 napa). (5 C~’ .) 

1 . CornacHo pHcyHKy (cm. pwc. 44) onpeAenHTe nacTOiy TOKa. (5 Ttj .) 

8. AMnjiHTyAHoe 3HaneHHe 3,ZJC HHAyKijHH bo Bpamaromencfl paMKe 
paBHo... (BSa>.) 

9. B 6onbuiHx npoMbiinneHHbix reHepaTopax 3J\C HaxoAHTcn ... (e 
cmamope .) 

III. H 3 yneHHe hoboto MaTepwajia 

IIpeHMymecTBa 3neKTpo3HeprHH nepeA ApyrHMH bhabmh 3HeprHH 
3aKAiOHaeTCH b tom, hto ee mo>kho nepeAaBaTb no npoBOAaM Ha 6onb- 
HiHe paccToaHHA, pacnpenenaTb Me*Ay noTpe6HTenflMH, mo)kho npe- 
BpamaTb b nio6bie bhah 3HeprnH. IIpeHMymecTBO nepeMeHHoro TOKa 
HaA nOCTOHHHbIM 3aKAK)HaeTCfl B TOM, HTO MO>KHO H3MeH5ITb CHAy TOKa H 
Hanpfl^KeHHe b oneHb mnpOKOM npeAene. OTCioAa bbiboa: 3neKTpH(J>HKa- 
nm - noKa3aTenb pa3BHTnn, 6narococTOHHH» h moiah cTpaHbi. KaK ace 
pa3BHBanacb 3HepreTHKa Harnefi CTpaHbi? 
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1920-1921 ri\ 6 mjih nepHOAOM TOTajitHoro KpH3Hca poccHficxoro 
o6mecTBa. B eBponeficKOH nacTH Pocchh yxce oTrpoxoTajia rpaac^aH- 
CKa x BOHHa, nepexoA k MHpy npoxoAHJi b HeBeposTHo Tjoxejioii o6cTa- 
HOBKe* 3a roAbi bohhbi CTpaHa noiep^Jia OoJibiue neTBepTH cBOero Ha- 
UHOHaJitHoro 6oraTCTBa. HauHOHajibHbin aoxoa coxpaTHJicx ot 1 1 MJipa 
py6. b 1917 i\ jxo 4 Map# b 1920 r. OOteM BanoBOH npoAyxuHH yMeHb- 
hihjicb b 7 pa3, Ao6bma KaMeHHoro ynui h He<j)TH 6buia Ha ypoBHe xoHija 
XIX Bexa. PaOoHHe jihihhjihcb cpe^dB k cymecTBOBamno. H3-3a ne- 
xBaTKH TonjiHBa npexpaTHjiocb ABH^ceHne nap0B030B Ha TpHAUaTH >xe- 
jre3HBix AOporax CTpaHbi. B cejie TO>xe 6 biji xpH3HC. npoAyxijHfl ceubcxo- 
ro xo3«HCTBa cocTaBJiajia JiHuib nojioBHHy AOBoeHHoro o6beMa. Hacene- 
HHe Pocchh coxpaTHjiocb 6oubme neM Ha 1 0 mjih nenoBex. 

Pa3pa6oTKy iuiaHa 3jiexTpH(|)HKaijHH Pocchh nopyHHjiH T.H. Kpxcn- 
xcaHOBCXOMy. TjiaBHaa has* nnaHa - o6HOBHTb bckd CTpyxiypy npoH3- 

BO^CTBeHHblX CHJT POCCHH, W* HeTO 6bIJ10 3a^yMaHO C 03 ,aaTb o6uiHpHyFO 
ceTb KpynHbix h mcjikhx 3JiexTpocTaHijHH, cBB3aHHbix b eAHHyio 3Hepre- 
THHecKyio ceTb. 

npe^nojiarajiocb, mo xpyriHbie 3AexTpocTaHijHH CHa6AflT 3HeprHeH 
(j)a6pHKH h 3aBO,nbi, no3BOji»T peKOHCTpyHpOBaTb hx TexHHHecxyio 6a3y. 
Menxne 3JieicrpocTaHUHH aoaxchm Gbijih npHHecTH CBd b xpecTBBHCXHe 
H36bl, AaTb 3HCprHIO MeJIbHHHaM. 

IIjiaH T03JIP0 3amiajibiBaji 4>yHAaMeHT a jia HH^ycTpHajiH3aqHH h 
K 0nneKTHBH3auHH cenbCKoro xo3JiHCTBa, oh pa3pa6aTbiBajica b pacneTe 
Ha «co3HaTejibHbix» pa6oHnx. Yxce 6jiH>xe k cepe^HHe 30-x toaob mcto- 
Abi pyKOBO^CTBa CMeHHJiHCb: miaH - jiio6oh ijeHOH, HeBbinojiHeHHe mia- 
Ha - Bpe^HTejibCTBo, Ha MecTO HeAoyHHBiiiHXCfl paOoHHX - AapoBaa cnna 
ryjIArA. CHjiaMH 3aiaiiOHeHHbix C03^aBajiHCb KojibiMcxaa T3C, T3C 
Ha Cbhph, BejiOMopKaHajr, 3anaAHbiH h Boctohhmh ynacTOx BAMa h 
MHorHe Apyrne oO'bexTbi. 

Kax 6 bi to hh 6 biJio, ho 3nexTpH(j)HxauHa CTpaHbi cocToanacb. Mto 
:> xe mo:>xho cxa3aTb 06 3JiexTpo3HeproTHne Hamefi CTpaHbi. FIjiaH 
r03JIP0 npe,anojiaraji CTpoHTejibCTBo ajiexTpocTaHHHH, paGoTaiomHX 
Ha npwpOAHbix HexonaeMbix. Ho 3 anacbi yma, He(j)TH h ra 3 a He 6 ecxo- 
HeHHbi. CoBpeMeHHaa aHepreraxa CTpeMHTca Hcnojib30BaTb ajibTepHa- 
THBHbie bham 3HeprHH (BCTpo3ueKTpocTaHHHH ) reAH03HepreTHxa, 3Hep- 
reTHxa Ha OTxoAax). 

B Hanajie XXI Bexa Pocchb CHOBa nepe>KHBaeT He Jiyninne BpeMeHa. 
Cero^Ha CTpaHa ctpoht pbiHOHHyio axoHOMHxy. Hapa^y co CTapbiMH 
npoOueMaMH (no-npe>xHeMy He XBaTaeT TonjiHBa, 3HeprHn) noBBjunoTCH 
HOBbie, ho EAHHaa 3HeprocncTeMa Pocchh CMorjia coxpaHHTb to, hto 
xoma-TO c 6onbuiHM Tpy^OM co3^aBajia bcx CTpaHa. B ycnoBHBx nepe- 
xoflHoro nepno^a moxcho HajieBTbCfl Tojibxo Ha MyApyro nojiHTHxy 3axo- 
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HO^aTejitHOH vi HcnojiHHTCJifcHOH BjiacTH. TeM 6ojiee hto Pocchb Tenepb 
He co3^aeT rwraHTCKHe niiaHbi, nano;io6ne T03JIP0, a cocTaBjweT 
tojibko rrporH03i>i Ha pa3BHTne Tex hjih hhwx OTpacjiefi Hapo^Horo xo- 
3«HCTBa. 

Eyaymee Hamefi crpaHbi 3aBHcnT ot Bac. 

IV. 3aicpenjieHHe H3yneHHoro Mai epnajia 

- KaxoBa nejib juiaHa r03JIP0? (Cdenamb ecio Poccuio (OJieicmpu- 
HeCKOU».) 

- Ha neM ^ojdkhw 6 luih pa6oTan> 6y^ymHe craHUHH? (Ha npupod- 
Hbix pecypcax.) 

- Die npeAnojiarajiocb Hcnojib30»aTb aaeicrpoaHeprHK)? (B npo- 
MbuwieHHocmUy cexbCKOM xo 3 tiucmee .) 

- Ha KaKofi ocHOBe ^ojdkch 6a3wpoBaTbca iuian? Kax aro cjie^yer no- 
HHMaTb? (Ha napymcHOu ocnoee, mo ecmb ho cmposoM pacneme.) 

- Kaxoe ycaoBne hco 6 xoahmo ,njia peajiH3anHH ruiaHa? (Hpuenene- 
nue mocc padoHux u KpecmbXH.) 

V. IIoABeAeHHe htotob ypoica 


Tiiasa 6. MexammecKMe bojih t»i 

ypoK 44. PacnpocrpaHeHHe bojih b ynpyrofi cpeae 

Lfejiu: I103HaK0MHTb ynaiUHXCa C yCJIOBHflMH B03HMKH0BeHH» BOJIII H 

hx BH^aMH; noica3aTb 3HaneHHe bojih b hch3hh HejioBeica. 

Xoa ypoKa 

I. OpraHH3aitH0HHbIH MOMCHT 

II. AH3JIH3 KOHTpOJlbHOH paGOTbl 

III. H3yHeHHe hoboio MaTepnajia 

JXeMinicmpapUH : nonepeHHbie bojih bi b mHype, npoaojibnaa h none- 
peHHaa Bojma Ha mo/icjih, bojihw Ha noBepxHOCTH boaw. 

OcHOBHOH 4>H3HHeCKOH MO^eJlblO BenjeCTBa HBJiaeTCH COBOKynHOCTb 
ilBioKyiHHxca w B3anMOjieHCTByfoiHHX Mexcoy co6oh aroMOB, MOJieicyji. 

PaccMOTpHM bojihoboh npouecc, to ecTb pacnpocrpaHeHHe KOJie6a- 
hhh, nepe^any KOJie6aHHH, o6ycjioBjieHHbiH TeM, hto CMemeHHbie yna- 
CTKH cpe^bl CBJI3aHbI MCTKffy C060H, 3Ta CBX3b MO>KeT 6bITb o6yCJ!OBJieHa 
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chjioh ynpyrocTH, B03HHKiiieH b pe3yjiBTaTe ^e^opMauHH cpe^ti npH ee 
KoneGaHHHx. 

B pe3yjitTaTe KOJie6aHHe, BU3BaHHoe KaKHM-jiH6o o6pa30M b oahom 
M ecTe, BJieneT 3a co6oh nocneAOBaTenbHoe B03HHKH0BeHHe Kone6aHHH b 
A pyrnx MecTax, Bee 6ojiee n 6ojiee y^ajieHHbix ot nepBOHanajibHoro, - h 
nojiynaeTca BOJiHa. 

MexaHHMecKHe boahm hmciot orpOMHoe 3HaneHne b >kh3hh nenoBe- 
Ka. PacnpocTpaHeHHe 3ByKOBMx KOJieGaHHH oStacHaeTca ynpyrocTbio 
B03,nyxa. Bjiaro^apa 3T0My Mbi cjimiuhm. Kpyrn, pa36eraiomHecH ot 
GpomeHHoro b BOAy KaMHA, orpoMHbie oxeaHCKHe boahm - 3TO MexaHH- 
necKHe boahm. Kone6aHvw b 3Cmhoh xope - ceficMHHecKHe boahm. 

npH pacnpocTpaHeHHH BOJiHbi npoHcxo^HT nepe,qBH)KeHHe 4>opMbi } 
ho He nepeHoc BemecTBa, b kotopom pacnpocTpaHaeTca BOJiHa. 

B 3aBHCHMOCTH OT TOTO, B KaKOM HanpaBJieHHH HaCTHUbI COBepmaiOT 
KOJie6aHH« no OTHomeHHio k HanpaBJieHHH) nepeMemeHHji boahm, pa3- 
jiHnafOT npoAOJibHbie h nonepeHHbie boahm. 

B npo^oJibHOH BOJiHe HacTHijbi COBepmaiOT KOjieSaHHa b HanpaBjie- 
hhhx, coBna^aiomHx c nepeMemeHneM boahm. Taicne boahm B03HHKaK)T 
b pe3yjibTaTe OKaTna - pacTaxceHna. Ohh pacnpocTpaHaioTCA b ra 3 ax, 
acHflKOCTHx h TBepAbix Tenax. 

B nonepeHHOH BOJiHe naCTHUbi COBepmaiOT KOAeGaHHa b ruiocKOCTax, 
nepneHUHKyjiapHbix HanpaBJieHHH) nepeMemeHHa bojihm. TaKHe bojihm - 
pe3yjibTaT jie^opMauHH CABHra. PacnpocTpaHaioTca JiHuib b TBepAbix Tejiax. 

n P H pacnpocTpaHeHHH bojihm nponcxoAHT nepe^ana ABHaceHHa ot 
oahoto ynacTKa Tejia k ApyroMy. C nepeAanen ABHxceHHa bojihoh CBa3a- 
Ha nepe^ana 3HeprHH 6e3 nepeHoca BemecTBa. 

HanpHMep, b niHype 3Heprna cKJia^MBaeTca H3 KHHeMaTHHecKOH 
3HepmH ABHaceHHa ynacTKOB uiHypa h noTeHUHajibHOH 3HeprHn ero yn- 
pyron ^et{)opMauHH. 

IV. rioBTopenne H3yneHHoro 

- Kaxwe bojihm Ha3biBaioTca nonepeHHMMH? 

- Hto Ha3MBaeTca bojihoh? 

- KaKHe bojihm Ha3MBaioTca npoAOAbHbiMH? 

- riponcxo^HT jih b 6erymeii BOJiHe nepeHoc BemecTBa? 

- B KaKHx cpe^ax pacnpocTpaHaioTCA npOAOAbHbie h nonepeHHbie 

BOJIHM? 

V. IIoABeAeHHe htotob ypona 
^oMauiHee 3BAaHne 

n. 42; 43. 

/lonojiHHTejibHOe 3aaaHHe: 

l) BpocbTe ABa KaMHa b BaHHy c boaoh. IloHaSjnoAaHTe 3a npo- 
neccoM npoxoacAeHHa bojih Apyr ckbo3b Apyra. 
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2 ) npHKpOHTe CTeHKy BHHHbi nojioxeHijeM. Oxpaacaioxcfl jih bojihm 
ot nojioxeHija, TaK xce KaK ohh oxpa>KajiHCb ot ctchkh? KaK no- 
BJinaeT Ha OTpaaceHHe bojih npHKJiaabreaHHe k cxeHKe apyrax 
MaTepHajiOB, HanpHMep, jjepeBa, Mexajuia n t.jx . 

Qjejiaiixe bmboa. 


ypOK 45. CTonqHe BOJiHbi 

IJejib: c(J>opMHpoBaTb noHaxHe cxoaneH bojihh. 

Xofl ypoKa 

I. OpraHH3aUH0HHbIH MOMCHT 

II. IIOBTOpeHHe 

1 . Bonpocbi juia noBxopeHHH. 

- Kanaa BOJiHa Ha3MBaexc« rapMOHHHecKOH? 

- 06'bJICHHTe B03HHKH0BeHHe C>KaXH5I H paCXJOKeHHfl B IIpOJIOJIbHblX 
rapMOHHHeCKHX BOJIHaX. 

- qxo raKoe juiHHa bojihm? 

- IIo KaKOH (j)opMyjie BMHHCJiaexca jyiHHa bojihm? 

- B neM cyTb nojiapH3auHH? 

- Rax onpe/jejuieTCfl njiocKOCTb nojiapH3auHH? 

2 . OpOHTajibHaa pa6oTa c KJiaccoM. 

OpOHTajibHasi jia6opaTOpHan paooTa Ks 1 
«HccjieAOBaiwe oxpaaceHHH hjiockhx bojih» 

Xoa paSoTbi 

yCTaHOBHTe KIOBeTy C B036y^HTeJieM IIJIOCKOH BOJiHbi H CXpo6oCKO- 
noM. noMecraTe b KK)BeTy MexajuiHHecKHH 6pycoK jjjia oxpaaceHHa bojih. 
Bm jjojpkhm yBH^exb B03HHKH0BeHHe bojih. 3aMexbxe, HXO 3XH BOJiHbi 
oxpaacaioxcfl KaK imocKHe bojihm. 

nojioacHxe jihcx 6ejiow 6yMarn Ha 3KpaH h 3apwcyHxe oxh bojihm, ox- 
MexbTe yrjibi naaeHHfl h oxpaaceHHB. TaKHM chocoGom bm CMoacexe y6e- 
^HXbca, hxo yroji na^eHHa bojihm paBeH yrjiy ee oxpaaceHHJi. 

OpOHxajibHan jia6opaxopHan pa6oTa JYa 2 
«HccjieAOBaHHe OTpaaceHnsi c^epHnecKHx bojih» 

Xoa pa6oxbi 

3aMeHHxe B036y^Hxejib iijiockoh bojihm mapHKOM jyifl o6pa30BaHHa 
C(()epHHeCKHX BOJIH. 
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riocjie oxpa>fceHRfl iuiockhm orpaacaTejieM bojihm hmciot ctjiepHHe- 
cKyio (J>opMy. UeHTpoM 3 Thx c<})epHHecKHx bojih 6 yaer TOUKa, pacnojio- 
aceHHaa Ha tom ace paccTOflHHH no3aan OTpaacaTejia, KaK h BOJiHoo6pa30- 
BaTejih nepeji orpaavaTeneM. 3ro yKa3MBaer Ha to, hto paccToaHHe ro 
«H3o6pa*cenHa» no3aA« oTpaacaTejia paBHo paccToaHmo jx o npejjMCTa 
nepeji OTpaacarejieM. 

III. H3yneuHe hoboto MUTCpHajia 

Onbtm: Bo3bMeM pe3HHOBMH uiHyp, ojihh kohcu KOToporo 3aKp^n- 
jieH k creHe. B3MaxHyB pa3 pyKofi, nouuieM cjihhhhhmh HMnyjibc. Flo 
uiHypy no6eacuT BOJiHa, h, jjocTHniyR ctchkh, 6yaeT ot Hee oTpaacaTbca. 

B pe3yjibTaTe Ha jik>6om ynacTKe uiHypa BCTpenaiOTca npe bqjihh, 
6erymne b npoTHBonojioaeHbie CTopoHM. BbOBaHHbie hmh Kone6aHHa > 
cKJia^uBaioTca. HacTora sthx KOJie6aHHH o^HHaKOBbi, a aMnnHiy^bi 
noHTH oaHHaKOBLie, 3aiyxaHHe KOJie6aHHH b^ojil uiHypa He bcjihko, ho 
c))a3bi hx pa3JiHHHbi. Eerymaa (He3aTyxaiomaa) BOJiHa h oxpaaceHHaa 
npoxonaT pa3JiHHHbie nyra no jjaHHOMy ynacTKy uiHypa. B pe3yjibTaTe 
aMruiHiy/ia yABawBaerca. Tax we tohkh Ha3MBaioTca KyuHocrniMH. Ecjih b 
K aKOH-Hw6y^b tohkc CKjiajitiBarh KOjie6aHHa c npoTHBonojio>KHbiMH 
<J)a3aMH, to TOHKa ocTaeTca b noxoe. TaicHe tohkh Ha3breaioTca yuiaMH. 
Ybjim h KynHOCTH He nepeMemaiOTca Bjjojib uiHypa. B pe3yjibTaTe pac- 
npe^ejieHHe CMemeHHa tohck tuny pa othochtcji bHo hx nojioaceHHH paB- 
HOBecua b jiio6oh MOMeHT BpeMeHH o6pa3yeT BOjiHy, Koropaa He nepe- 
Memaerca b npocTpaHCTBe. Taxaa BOJiHa Ha3HBaeTca cToaneH bojihoh. 
PaccToaHHe Meacay coceflHHMH y3JiaMH (hjih KynHOCTaMH) paBHO hojio- 
BHHe juihhm BOJiHbi. B CToaneH BOJiHe b cpe/meM no BpeMeHH He npouc- 
xoflHT nepeHoca 3 Hep run. 3Heprwa bojihm Meac^y flByMa y3JiaMH ocTaeT- 
ca HeH3MeHHOH. CoBepmaeTca TOJibKO npeBpameHne KHHeTHHecKOH 
3HeprHH b noreHUHajibHyio h Hao6opoT. 

CToaHHe bojihm MOiyr nojiynaTbca b Tejiax jijoGoh cjjopMbi, a He 
TOJibKO B TaKHX CHJIbHO yOJIHHeHHblX TeJiax, KaK CTpyHa HJIH HI Hyp. He- 
nojiBHacHbie Mecra cToanen bojihm ■ ee y3JiM - npejiCTaBJiaioT co6oh 
noBepxHOCTH, paccexaiomHe o6teM rejia Ha ynacTKH, b cepe^HHe koto- 
pbix HaHSonee CHJibHbie KOJie6aHHa. 

Onbtm: XnadHueebie (fyuzyphi 3 

rLnacTHHKy H3 jiepeBa hjih creioia 3aKpemiaioT k oahoh tohkc h 3acM- * 
naior necKOM. Flo Kpaio npOBOAaT cmmhkom, HaTepruM KaHHifxuibio. FlecoK * 
c6pacbiBaerca c KyuHocren h co6npaerca Ha yuiOBbix jihhhhx. Bhji ({jrayp 
3aBHCHT or 4>opMM njiacTHHKH h Mecra CKperuieHHOH tohkh, b kbkoh Mecre 
npOBOAHTb cMbiHKOM, h rfle npHjjepaoiBaTb itnacTHHKy iianbuaMH. 

IV. PeiueHue lajian 

P -435; P-438. 
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V. IlojjBefleHHe HToroe ypOKa 

^OMauiHee 3anaHHe 

P - 440; P - 439. 


ypoic 46. IlepHOAHMecKMe bojihli 

IJenb: c^opMHpoBaTb noHaraa «AJiHHa bojihm», «rapMOHHHecKaa 
BOJiHa», «nojiapH3auHJi». 


Xoa ypoKa 

I. OpraHH 3 aUMOHHbIH MOMeHT 

II. IIpOBepKa AOMauiHero 3a;iannti 

- Ha30BHTe flBa (JjyHnaMeHTajiLHLix cnoco6a nepe^anw OHeprHH h 
HM nyjitca b npocTpaHCTBe, 

- KaKOH npouecc Ha3biBaeTca bojihoblim? 

- Ha30BHTe ycjioBHe pacnpocTpaHeHHa MexaHHHecKOH bojihm. 

- 06-bacHHTe npouecc boshhkhobchhji h pacnpocrpaHeHna npo- 

^onbHOH bojihli b TBepflOM Tejie h ra3e. 

- Kaxaa BOJiHa Ha3biBaeTca nonepeHHOH? 

- B neM OTjiHHne OTpa>KeHHOH nonepenHOH bojihm b uiHype c 3a- 
KpenjieHHbiMH h He3aKpenjieHHbiMH KOHqaMH? 

III. H3y4eHHe HOBoro MaTepuajia 
SKcnepuMenm 

Pe3HHOBbIH IlIHyp, npHBH3aHHbIH K CTCHe. ECJIH B3MaXHyTb ojihh pa3 
pyKon, npoH30H,zieT KopoTKoe B03MyuieHwe (oAHHOHHaa BOJiHa). A hto 
6yneT, ecjiH oto ABHaceHne pyxn 6yAeT noBTopaTLca? 

Ecjih B 03MymeHHe cpeALi Bbi3biBaeTca nepnoAHHecKon BHeiuHefi ch- 
jioh, MeHjnoiueHca co BpeMeHeM no rapMOHHnecKOMy 3aKOHy, to blbli- 
BaeMbie ew bojihbi Ha3MBafOT rapMOHHnecKHMH. 

BaacHenuien xapaicrepHCTHKOH bojihli BBJiaeTca cxopocTb ee pacnpo- 
CTpaHeHHji. Bojihli jih> 6 oh npHpo^bi He pacnpocTpaHjnoTca b npocTpaH- 
CTBe MTHOBeHHO, HX CKOpOCTb KOHeHHa. BOJIHLI Ha nOBepXHOCTH BOJJbl 
yAo6Hbi ajb* Ha6jnoneHH5i no toh npHHHHe, hto cxopocTL hx pacnpo- 
CTpaHeHHH HeBCJIHKa. 

PaccTOHHHe, Ha KOTOpoe pacnpocTpaHjnoTca KOJie6aHH« 3a oahh ne- 
PHOA, Ha3bIBaiOTCB AJIHHOH BOJIHLI. 

a A 

o = Av\ u = -, 

r.ie A - fljiHHa bojihli [m]; v- qacTOTa [r 1 ]; [f u]; T— iiepmu [c]. 
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Ecjih C 03^aTt nonepeHHyio BO/my b pe3HHOBOM mHype Tax, hto 6 m 
KOJ ie6aHH5i 6bicrpo mchajih CBoe HanpaBJieHH.e b npocrpaHCTBe. Ilponyc- 
thjih Tenepb uiHyp cxB03b y3XHH ^epeBAHHbiH aujHX. H3 KOJie6aHHH Bee- 
B03M0)KHbIX HanpaBJieHHH amHK «BbI < aeJlHT» KOJie6aHHB B OJJHOH onpe- 
AeJieHHOH nJlOCKOCTH. I103TOMy rOBOpJIT: «H3 fllllHKa BblUIJlH n0JlBpH30- 
BaHHbie BOJIH bl». 

IlojiflpH3aijH5i - ynopajioHeHHoe HanpaBjieHHe xone6aHHH MacTHu 
cpe^bi b BOJiHe. 

Ecjih Ha ee nyTH HMeeTca eme tohho tbkoh >xe xihhx, ho noBepHy- 
TbiH oTHOCHTejibHO nepBoro Ha 90 °, to xojie6aHHa npoxojiaT CKB03b Hero 
ace. BojiHa uejiHKOM racHTca. 

IV. 3aKpenjiemie H3yneHHoro iviarepHajia 

- HtO Ha3bIBaeTCfl nepHOJIOM BOJIHbl? HaCTOTOH? fljIHHOH BOJIHbl? 

- HtO npHHHMaiOT 3a CKOpOCTb paCnpOCTpaHeHHfl BOJIHbl? 

- HanHiuHTe cjiopMyjiy, CBa3biBaiomyK> cxopocTb pacnpocTpaHeHna 
BOJIHbl C flJlHHOH BOJIHbl H HaCTOTOH HJ1H nepHOAOM? 

V. PeuieHue 3a;ia*i 

1 . PaCCTOBHHe Me>K,ay 6jIH5KaHIHHMH rpeSHflMH BOJIHbl B MOpe 20 M. C 
xaxoft CKOpocTbio pacnpocrpaHaioTca bojihm, ecjiH nepHOji xojieOaHHH 
HaCTHU B BOJiHe 1 00? 

2. PbiSojioB 3aMeTHJi, hto 3a 10 c noiuiaBOx coBepuiaeT Ha BOJiHax 20 
KOjie6aHHH, a paccToaHHe Meaqiy coccjihhmh ropSaMH 1,2. KaxoBa cxo- 
pocTb pacnpocTpaHeHHa bojih? 

3. Ha 03epe b 6e3BeTpeHHyio norojiy c jiojuch 6pocHJiH TaacenbiH 
axopb. Ot MecTa SpocaHHa axopa nonuiH bojihm. HejioBex, CToauiHH Ha 
6epery, 3aMeTHji, hto BOJiHa jioimia jio Hero nepe3 50 c, paccToaHHe Me- 
acj*y coce^HHMH rop6aMH bojih 0,5 m, a 3a 5 c 6biJio 20 BcnjiecKOB o 6e- 
per. Kax jiajiexo ot 6epera Haxo^HTca jiojixa? 

VI. H Be.ieii we htofob ypona 

JoviauiHee lajiaHiie 

n. 44-45. 


ypoK 47 . 3 ByKOBbie bojihm. 
BMCOTa, TeMfip, rpoMKOCTb 3 ByKa 

IJejib: c(J>opMHpoBaTb noHarae 3ByxoBOH bojihm. 

Xoji ypoKa 

I. OpraHH3auHOHHbiif momcht 




YpoK 47 . 3eyK08bte eonHbi. Bbicoma, meM6p, apoMKOcmb 3eyt<a 
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II. IIoBTopeHHe MaTepnajia 

Kanaa BOJiHa Ha3biBaeTca cToaqeH? 

- 06bacHHTe nponecc o6pa30BaHHa croaqeH bojihbi? 

- C(J)opMyjiHpyHTe onpeaejieHHe KyqHOCTen h y3JiOB CToaqen bojihli. 

- Hto TaKoe nepBaa rapMOHHKa coSctbchhwx KOJieGaHHH b cxpyHe h 
oSepTOHbi? 

III. H3yneHHe HOBoro MaTepnajia 

3KcnepuMeHm M 1 

Bo3bMHTe Kpenxyio 6eqeBKy (60 cm) h npHBJDKHTe k Hew b cepe/jHHe 
MeTajiJiHHecKyio Jio>KKy. KoHubi 6eqeBKH npHB»>KHTe k yica3aTejibHbiM 
najibuaM. 06a KOHua 4ojdkhm hmctb ojumaKOByio /yiHHy. 3aTKHHTe yuiH 
najibuaMH. HaKjioHHTecb Bnepe^, htoGbi Jioaoca cboGoaho noBHCJia h 
CTOJIKH yjiaCb C KpaeM CTOJia. nOCJlbllllHTCa 3ByK, HanOMHHaiOIHHH 3BOH. 
IloHeMy? 

Omeem: Y^apaacb o ctoji, MeTajui HaqHHaeT KOjieGaTbca. 3th KOjie- 
6aHHa no 6eqeBKe nepe/jaiOTca ymaM. Mw cjibiniHM, noTOMy hto HauiH 
yuiH BOcnpHHHMaioT pa3JiHHHbie KojieGaHna. HtoGbi H34aBaTb 3ByK 
npe^MeT ^ojdkch KOJie6aTbc». Kojie6aHHH ot Hero nepe,aaioTca B034yxy 
h pacnpocTpaHaioTca b HeM. Kojie6mom,Heca MOJieKynbi B034yxa y^apa- 
lOTca o 6apa6aHHyio nepenonicy, H3-3a 3Toro oHa TO>xe KoneGnexca. 3th 
KOJieSaHHfl H,zjyT jjajibine qepe3 xocTHyio TKaHb h acn^KOCTb b yxe, noxa 
He jxoxorxt 40 cjiyxoBoro HepBa, Koropbin nocbuiaeT cnrHaji b M03r. 

BKcnepuMenm M 2 

B kojiokoji noMemaioT 3jieKTpHqecKHH 3 bohok h BicmoqaioT. CubimeH 
3ByK. HaHHHaioT BbiKaHHBaTb B034yx, no Mepe pa3peaceHH» B034yxa 
rpoMKOCTb cxaHOBHTca MeHbiue, noxa 3Byx CTaHOBHTca coBceM He cjibi- 
iueH. rioneMy? 

Omeem: OrcyTCTByeT cpe^a, b kotopoh pacnpocxpanaioTca KOJie6a- 
hhh? 

Bbieod: 3Byx MoaceT pacnpocTpaHaxbca b max, >kh4koct»x h TBep- 
4 bix xejiax. 

3Byx oGycjiOBJieH MexaHHqecKHMH KOJie6aHHHMH b ynpyroii cpe^e h 
xejiax (TBep^bix, >kh^khx h ra3oo6pa3Hbix), qacTOTbi KOTopbix JieacaT b 
4Hana3one ot 16 Tu 40 20 Th h KOTOpbie cnocoGHO BoenpHHHMaTb qeno- 
BenecKoe yxo. 

Pa34eji cJ)H3hkh, H3 yqaiomHH 3Byx - aKycnnca. JIio6oe Teno (TBepaoe, 
acH^Koe hjih ra30o6pa3Hoe), KOJie6jnomeeca co 3ByKOBOH hbctotoh, co3- 
4aeT b OKpyacaiomeH cpe^e 3ByK. 

3KcnepuMenm M 3 

nepeMeuiHBaHHe bo 4bi H3 04 Horo cocyaa b 4pyron. Y^ap MOJiOTKa 
no naKOBajibHe. 
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HaLue Bcero 3ByKOBbie bojihbi ^ocraraiOT Haninx yiueft no B03£yxy. 
Ho 3ByK pacnpocTpaHHeTca b Boae h TBep^bix Tejiax. HbipHyB c rojiOBoft 
bo BpeMH KynaHHH, mohcho ycjibiuiaTb 3$yK ot yaapa .BByx xaMHeft, npo- 
H3BO;jHMOrO Ha 6oJIbIHOM paCCTOHHHH. XopOUIO npOBOflHT 3ByK 3eMJIB. 

3ByKOBaa BOJiHa npe^cTaBjiaeT co6oft nocjieaoBaTejibHOCTb cacaTHft h 
pa3pH)KeHHH ynpyroft cpe^bi, pacnpocTpaHflioiHHxca c onpeAejieHHoft 
CKopocTbio. BojiHa 3Ta - npo^ojibHaa. 

CncaTHe h paapaaceHne B03,ayxa Bbi3biBaeT Kojie6aHHa aaBjieHHa ot- 
HocHTejibHo cpe^Hero aTMoc^epHoro AaBjieHHa p 0 . 

TpoMKOCTH 3Byxa cooTBercTByeT H3MeHeHne AaBJieHHH Ap Ha He- 
CKOJibKO accjitkob nacxajieft. Yxo neJioBeica BocnpHHHMaeT Ap = 10 -5 na. 
Yxo BecbMa nyBCTBHTejibHbift npn6op, HaH6ojiee HyBCTBHTejibHO k xojie- 
6aHHBM c qacTOTOH okojio 3500 Tu. 

SByxoBaa BojiHa no,no6HO apyrHM BOJiHaM pacnpocTpaHaeTca c ko- 
HeHHOH CKopocTbio. Ecjih rp03a AaJieKo, to 3ana3flbiBaHHe rpoMa aocth- 
raeT HecKOJibKHx cexyn^. 

CxopocTb 3Byxa b B03,ayxe npn TeMnepaiype 0 °C paBHa 331 m/c; 
cKopocTb 3Byxa b Bo^e npH TeMnepaiype 8 °C paBHa 1435 m/c; npn tcm- 
nepaiype 1 5 °C paBHa 4980 m/c. 

<f>H3imecKiie xapaKTepucTHKH 3ByKa 

1. 3ByKOBoe aaBjieHHe, 0Ka3biBaeM0e 3ByxoBoft bojihoh Ha CToamee 
nepea Heft npenaTCTBHe. 

2. Cneicrp 3Byxa - pa3Jio>KeHHe cjioacHoft 3ByK0B0ft bojihbi Ha cocTaB- 
jiaiomHe ee nacTOTbi. 

3. HHTeHCHBHOCTb 3ByKOBOft BOJTHbi: 



r,ne S - njioma^b noBepxHOCTH; 
W - 3Hepnw 3ByKOBoft bojihbi; 
t - BpeMfl. 



4. rpOMKOCTb. 

KaK H BbICOTa, CBH3aHa C OinymeHHeM, B03HHKaiOIHHM B C03HaHHH 
HenoBexa, a Taioxe c HHTeHCHBHocTbio bojihbi. 

HeJiOBenecKoe yxo cnoco6Ho BocnpHHHMaTb 3ByxH khtchchehoctbio 
ot 10~ 12 (nopor cjibiuihmocth) ao 1 Bt/m 2 (nopor 6ojieBoro omymeHHa). 
TpoMKocTb He ffBjiaerca np«MO nponopijHOHajibHoft bcjihhhhoh hh- 

TeHCHBHOCTH. 

YpoBeHb rpoMKOCTH BupaxcaeTCfl b 6ejiax: 




ypoK 48. PetueHue 3KcnepuMeHmanbHbix 3adau 
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/ 0 = 10 12 Bt/m 2 - nopor cjiliuihmocth. 

5. BwcoTa 3ByKa 3aBHCHT ot nacTOTbi KOJie6aHHH: neM 6ojibuie Hac- 
TOTa, TeM Bbiiue 3ByK. 

6. TeMGp 3ByKa - no3BOJiaeT pa3jnmaTb tfBa 3Byxa ojjHHaKOBon bbico- 
Tbl H rpOMKOCTH, H3£aBaeMbIX pa3JIHHHbIMH HHCTpyMeHTaMH. Oh 3aBHCHT 
ot cneKTpajibHoro cocTaBa. 

IV. 3 aKpenjieHHe MaTepHajia 

- Hto npe/icTaBjunoT co6oh 3ByKOBbie BOJiHbi? 

- Hto BBJiaeTCJ! hctohhhkom 3ByKa? 

- KaicoBa nacTOTa h .HJiHHa 3ByicoBOH bojihm, BocnpHHHMaeMOH ne- 
JIOBeiCOM? 

- Kaic Ha3bmaioTca Taxwe 3ByKOBbie bojihu? 

V. riOABCilCHHC HTOrOB ypOKa 
AoMauiHee 3a^anne 

n. 73, 3a^aHH Ha c. 347 (N 2 1-3); N° 4-5 no acejiaHHio. 

TBopnecKoe 3aaaHne: npe;uio)KHTe cnoco6 Haxo^eHHa CKopoc™ 
3ByKa b cpe^e, Hcnojib3ya ;xocTynHoe oGopyjjOBaHne, npoBe^HTe oiccne- 
pHMeHT. 

n. 46; n. 47. 


ypoK 48. PeuieHue aiccnepHMeHTajibHbix 3aAan 

Lfejit : HayHHTb Hcnojib30BaTb TeopeTHHecKHe 3HaHH« Ha npaiame. 

Xoa ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II. PeuieHHe 3a^aH 

3adaHue N° 1 ( zpynna I) 

npoBe^HTe no 3 y 6 uaM pacnecKH jihctok KapTOHa hjih tojictoh 6 yMa- 
rn cHanaJia 6biCTpo, a aaTeM MeiyieHHO. Korzja 3ByK Bbmie? Ot Hero 3a- 
BHCHT BblCOTa 3ByKa? rioneMy BOo6me B03HHKaeT 3ByK? 

3 adanue Nq 2 (r pynna II) 

rio/ioacHTe 6 y,aHjTbHHK Ha ctoji. CjibmiHO jih ero THKaHbe, ccjih Bbi 
Haxo^HTecb Ha paccToaHHH 1 m? IlpHJiottCHTe yxojy k CTojiy npHMepHO Ha 
TaKOM >Ke paCCTOBHHH OT Gy^HilbHHKa. CpaBHHTe CJlblUIH M OCTb B 3 TOM 
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cjiynae. IloBTopHTe onbiT, nojioacHB Sy^HjibHHK Ha 6ywary, Baiy, KycoK 
tkhhh, 6jno,nqe. 3anHiiiHTe cboh HaGjiKweHHfl h c^ejiafiTe bubo;* o nepe- 
jjane 3Byica pa3JiHHHbiMH TejiaMH. 

3 ada Hue M 3 (epynna III) 

PaccMoxpHTe nepe 3 Jiyny noBepxHOCTb rpaMiuiacTHHKH. Kaicon bh# 
HMeer 3 ByKOBaa 6opo3,HKa? noneMy? Ecjih H 3 mchhti> cicopoeTb Bpame- 
HH flHCKa, TO H 3 MeHHTC« JIH 3 BynaHHe rpaMITJiaCTHHKH? KaK H noneMy 
H 3 MeHBeTC» 3 ByK? noneMy CTapaa rpaMnjiacTHHKa 3 BynnT xynce? 3aneM 
MeHHfOT nrjiy b 3 JieKTpo<J)OHe? He B^aBaacb b npHHuwn 3 anHCH Ha CD- 
j^HCKe, o 6 bbchht€ npeHMymecTBa. 

3adtmue M 4 (zpynna IV) 

Bo3bMHTe HecKOJibKO nycTbix CTeKJiaHHbix GyTbiJiOK pa3Horo pa 3 Me- 
pa. y^apbTe no hhm KapaH^auioM, Kanne GyTbuncn H3^aK)T 6ojiee Bbico- 
khh 3ByK? Eojree hh 3 khh? Kax Bbi MO>xeTe 3 to oGbbchhtb? 

B03bMHTe HecKOJibKO O^HHaKOBblX GyTblJlOK H HanOJIHHTe BOtfOH £0 
paaHoro ypoBHfl. nociynHTe no hhm KapaH^auiOM. Konja 3Byx Bbime? 

KaxoH Bbmoa mo>kho cjxejiaTb H3 npOBejjeHHbix onbiTOB? nonpoGyfi- 
Te HTo-HnSy^b cbirpaTb. 

3adanue M 5 

McejieAyHTe, npH KaKOM MHHHMaJlbHOM paCCTOSHHH B03HHKaeT 3X0. 
Cnoco6 onpe^ejieHHK npH^yMairre caMOCTOjrrejibHO. ripoBepbTe ero. 
nojie3Ho hjih Bpe^HO oho ^jib TeaxpajibHoro, KOHuepraoro hjih jieKUH- 
oHHoro 3ajioB? noneMy Mbi He cjibihihm 3xo b oGbinHofi jkhjioh KOMHaTe? 

III. IIoitBeAeHHe htoidb ypoKa 

^oMauiHee iajaime 

P - 442; P - 443. 


ypoK 49. BojiHbi. PeiueHHe 3a^an 

Ife/iu : pa3BHTHe HaBbiKOB caMOCTOjrrejibHOH pa6oTu; OTpaGoTKa Me- 
to^ob pemeHHB 3 a^an. 


Xoa ypoKa 

I. OpraHH 3 auHOHHbiif momcht 

II. npoBe^eHHe caMocTonTejibHOH pa G ot m 




ypoK 49. BonHbi. PevueHue aadaw 


125 


Bapuanm I 

1 . npoHexoflHT ah nepeHOC BeiijecTBa h 3HeprHH npn pacnpocTpaHe- 
hhh Geiymen bojihh b ynpyroft cpe^e? ( Omeem : 3HeprHH - Aa; BemecT- 
Ba - HeT.) 

2. riepHO/j KOjie6aHH5i nacTHi; boabi paBeH 2 c, paccTOAHHe MeacAy 
CMOKHbIMH TpeGHAMH BOJIH paBHO 6 M. Onpe^ejTHTe CKOpOCTB pacnpo- 
CTpaHeHHB 3 thx bojih. (Omeem: 3 m/c.) 

3. B HeM oTJiHHHe rpa(J)HKa BOJiHOBoro ABH>KeHHA ot rpa(J)HKa KOJie- 
GaTejibHoro jjbhxcchhb? (Omeem: rpa(})HK KOJie6aTejibHoro ABH>KeHHa 
H3o6pa)KaeT nojioxceHHe oahoh h toh >xe tohkh b pa3JiHHHbie momchtbi 
BpeMeHH, a rpacf)HK BOJiHOBoro abh^kchha H3o6pa5KaeT pa3AHHHbie tohkh 
Cpe^bl B OAHH H TOT )K e MOMeHT BpeMCHH.) 

4. B kbkhx ynpyrnx cpeAax MoryT B03HHKaTb nonepeHHbie bojihli? 
(Omeem: b TBepAbix.) 

5. OT KaKHX (})H3HHeCKHX BeAHHHH 3aBHCHT HaCTOTa KOJieGaHHH BOJI- 
Hbi? (Omeem: ot nacTOTbi BnGpaTopa, B03Gy>KAaiomero KOJie6aHHH.) 

6. Ot KaKHx (J)H3HHecKHX BejiHHHH 3aBHCHT CKopocTb pacnpocTpaHe- 
hhh bojih m? (Omeem: ot cpe^bi, b KOTopon pacnpocTpaHaeTca, h ot ee 

COCTOHHHH.) 

7. HeMy paBHa pa3HOCTb (J>a3 tohck boahm, OTCTaiomHX Apyr ot Apy- 
ra Ha paccTOBHHH 50 cm, ecjiH BojiHa pacnpocTpaHaeTca co cxopocTbio 

6 m/c npH nacTOTe 3 Tij? (Omeem: ~ .) 

8. B oahoh h toh >Ke cpeAe pacnpocTpaHAioTCH bojihbi c nacTOTOH 
5 Tu h 10 Tu. Kaxax BojiHa pacnpocTpaHBeTca c GoJibuien cxopocTbio? 
(Omeem: ckopocth OAHiiaKOBbie.) 

Bapuanm II 

1 . PaCCTOBHHe MOKAy GAH>KaHIUHMH TpeGHBMH BOJIH paBHO 6 m. Cko- 
pocTb pacnpocTpaHeHHH bojihbi 2 m/c. KaKOBa nacTOTa yAapoB bojih o 
Geper? (Omeem: 3 Tu.) 

2. Onpe^ejiHTe HaHMeHbmee paccTOHHHe Me>KAy coccahhmh TonxaMH, 
HaxOA^IUHMHCfl B OAHHaKOBbIX (J)a3ax, eCAH BOAHbl paCnpOCTpaHflfOTCH CO 
cxopocTbio 100 m/c, a nacTOTa KOAeGaHHH paBHa 50 Tu. (Omeem: 2 m.) 

3. B KaKHx cpeAax MoryT B03HHKaTb npoAOAbHbie boahm? (Omeem: b 
TBepAblX, 3KHAKHX H ra300Gpa3HbIX.) 

4. IIpoHCxoAHT ah nepeHOC BemecTBa npn pacnpocTpaHeHHH none- 
penHOH boahu? (Omeem: HeT.) 

5. Ot KaKHX (|)H3HHeCKHX BeAHHHH 3ABHCHT AAHHA BOAHbl B OAHHaKO- 
Bbix cpeAax? (Omeem: ot nacTOTbi BHGpaTopa.) 

6. OnpeAeAHTe AAHHy boahbi, ecAH 4>a30BaH CKopocTb paBHa 1500 m/c, 
a nacTOTa KOAeGaHHH paBHa 500 Ti\. (Omeem: 5 m.) 
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7 . rioneMy b TBepjjbix Tejiax MoryT pacnpocTpaHHTbca nonepeHHue h 
ripo^ojibHbie BOJiHbi? ( Omeem : b TBep^bix Tejiax npH Ae(j)opMauHBx 
c^BHra h c)KaTHfl B 03 HHKai 0 T CHJibi ynpyrocTH.) 

8 . BOJiHbi pacnpocTpaHJiioTCB B o^hoh h toh Mte cpe^e. niepBaa 
BOjiHa HMeeT ;yiHHy 5 m, BTOpaa -10 m. OjiHHaKOBbi jih nacTOTbi Bn 6 pa- 
TOpoB, B 036 y)*caaK>mHx 3 TH BOJiHbi? (Omeem: nacTOTa nepBoro BHGpaTO- 
pa 6 ojibiue b 2 pa 3 a.) 


Bapuaum III 

1 . Pbl6oJIOB 30MeTHJl, HTO 33 I — 10 C nOIUiaBOK COBepOIHJl Ha BO^e N = 20 
KojieOaHHH, a paccTOflHne Meacqy cocc^hhmh rpeOroiMH BOJiHbi ^.= 1,2 m. 

Haiwrre cxopocTb v paciipocTpaneHHJi BOJiHbi. (Omeem: v = N — = 2,4 m/c.) 

T 

2. Onpe;jeJiHTe ( anHHy X 3ByKOBOH bojihbi b BO^e, Bbi3biBaeM0H hc- 
TOHHHKOM K0Jie6aHHH C HaCTOTOH V = 200 Hi, eCJIH CKOpOCTb 3Byxa B 


BO^e v 


1450 m/c. (Omeem: X = — = 7,25 m.) 

v 


3. 3ByKOBa5i BOjiHa nacTOTOH v- 440 Fix pacnpocTpaHaeTCfl co cicopo- 
CTbio v = 330 m/c. HaH^HTe BejiHHHHy Aq> pa3HOCTH 4>a3 KOJieOaHHH jxslb- 
jieHHJi B03,ayxa b jiByx TOHKax, paccToaHHe Meacay KOTOpbiMH d — 20 cm? 

^ vd In _ 

(Omeem: A (p~2p — = — .) 

t> 3 

4. B BO,ae pacnpocTpaHJHOTca 3ByKOBbie KOJieGaHHJi HacTOTOH 
v= 725 Tu. CxopocTb 3Byxa b Bo,ae u= 1450 m/c. Ha KaKOM paccTOHHHH 
d Haxo.oaTCB 6jiH>KaHmHe tohkh, b oKpecTHOCTH KOTOpbix nacTHUbi >khji- 

kocth coBepmaioT npoTHBO(J)a3Hbie KOjieOaHHJi? (Omeem: d = — = 1 m.) 

2v 

5. K Ba KorepeHTHbix ToneHHbix HCTOHHHKa 3Byxa kojic 6 jik)tch b oah- 
HaKOBbix (Jia3ax. B tohkc, OTCToamefi ot nepBoro HCTOHHHKa Ha S| = 2 m, 
a ot BTOporo - Ha S 2 = 2,5 m, 3Byx He cjibiuiHM. OripeaejiHTe mbkch- 
MajibHyio nacTOTy v KOJie6aHHH hctohhhkob, Koropaa ji&kht b cjibiuiH- 
mom HejiOBeKOM AHana30He ot 16 Fix jx o 20000 Fix. CxopocTb 3Byxa b 
B 03Ayxe v = 340 m/c. (Omeem: paccMaTpHBaeMoe HBjieHHe Ha6mojiaeTC5i 


npH nacTOTax v 


1 

= [ n x — 

2 


s 2 -s t 


n = 0,1, 


HCKOMaa nacTOTa 


v = v 2i =19380 Fix.) 

6. Emkoctb h HHjiyKTHBHOCTb KOJie6aTejibHoro KOHTypa pa^HoripH- 
eMHHKa TaKOBbI, HTO npH CBoOoAHblX KOJie6aHH5IX MaKCHMajlbHblH 3ap«A 
KOH,aeHcaTopa Q = 1 MxKa, a MaKCHMajlbHblH tok J = 10 A. B pe30HaHC c 




ypoK 50. KoHmpofibHat i padoma 
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K3K0H /IJ1HH0H BOJIHbl k HaCTpOeH KOHTyp? CKOpOCTb 3JieKTpOMaTHHTHBIX 

bojih b BaKyyMe C = 3*1 0 8 m/c. ( Omeem : X = 2 tzc ~ « 190 m.) 


7 . PaoiHonpHeMHHK HacTpoeH Ha pa^HOCTaHUHio, paOoTaiomyio Ha 
^JiHHe BOjiHbi X\ ~ 25 m. Bo cKOJibKO pa 3 n cjie^yeT H 3 MeHHTb eMKocTb 
KOHAeHcaTOpa KOJieGaTejibHoro KOHTypa pamronpHeMHHKa, hto 6 bi Ha- 

CTpOHTbca Ha AJiHHy BOJiHbi X] = 3 1 m? (Omeem: — = f —1 » 1, 54 .) 


4 


8 . B kbkom ;mana 30 He .hjihhbi bojih Xu X 2 mo^kct paOoTaTb paano- 
npweMHHK, ecjiH eMKOCTb KOHjjeHcaTOpa b KOJie 6 aTeJibHOM KOHType npH- 
eMHHKa H 3 MeHaeTca ot Cj = 50 nO flo C 2 = 500 nd>, a HHayKTHBHocTb L 
= 20 mkTh? CKopocrb 3 JieKTpoMarHHTHbix bojih b BaKyyMe C = 3 * 1 0 s 

m/c. (Omeem: A, = 2 » 60 m; X, = 2 tt^LC 2 ~ 190 m.) 

9 . Emkoctb KOH^eHcaTopa KOJieGaxejibHoro KOHTypa pa^HonpneMHH- 
xa H 3 MeH«eTca ot Co £0 25 C 0 . Emkoctb C 0 c oot bct cTBy eT nacTOTe co 6 - 
CTBeHHbix KOJieOaHHH KOHTypa v =70 Mrq t Onpe^e^HTe HaHMeHbmyio 
X^nin H HaHSojIblliyiO X^x AJIHHbl BOJIH, Ha KOTOpbie MO)KHO HaCTpOHTb Ta- 
koh Kornyp. CxopocTb 3 JieKTpoMaTH hth B ix bojih b BaxyyMe C = 3 ‘ 10 8 m/c. 

{Omeem: Z min = — « 4,3 m; ^ = — = 21,4 m.) 

V V 


III. IIoABeAeHHe htotob paooibi 

^OMauiHee 3aaaHHe 

n. 54 . 

P - 991 ; P - 992 . 


Ypoic 50 . KoHTpoJibHan paooTa no Teivie 
«MexaHHHecKne h 3ByKOBbie BOJiHbi» 

Ifeiib: BbiaBHTb 3 HaHHH ynamHxca no TeMe «MexaHHHecKHe h 3 ByKO- 
Bbie BOJIHbI» 


Xoa ypoKa 

I. OpraHH 3 aiIHOHHbIH MOMeHT 

II. npOBe/ieHHe KOHTpOJIbHOH paOOTbl 

Bapuanm I 

1 . Kaxwe H 3 nepeHHCjieHHbix HH»e bojih He abjuhotch MexaHHHecKHMH? 
A. BoaHbi Ha BOjje. 
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E. 3ByKOBbie bojihbi. 

B. CBeTOBbie bojihbi. 

T. Bojihbi b iirnype. 

JX. Bojihbi, co3AaBaeMBie BCTaiomHMH Ha Tpn6yHax SojiejiBiHHxaMH. 

2. rtp^MOH h oTpaaceHHbiH HMnyjiBcBi nepeMeinatOTca HaBcrpeny no Be- 
peBKe cHMMerpHHHo oTHOCHrejibHO oTpe3Ka AB (pHC. 45). KaKOBa 4>opMa 
sepeBKH b MOMeHT, Kor^a o6a HMnyjiBca 6yjsyr HaxoAHTBca Ha orpe3xe AB? 


V V 




3. Othoujchhc a\'ruiHryA AByx bojth 1 :2, 3HepniH bojih othochtch 

Apyr k Apyry xax 

A. 1:2. 

E. 1:4. 

B. 1:8. 

T. 1:16. 

A 2:1. 

4. KaxoBa cxopocTB pacnpocTpaHeHHB bojihbi, ecjiH AJinna bojihbi 2 m, 
a nacTOTa 200 Tij? 

A. 100 m/c. 

E. 200 m/c. 

B. 300 m/c. 

T. 400 m/c. 

500 m/c. 

5. ypOBCHB HHTeHCHBHOCTH 3Byxa B Ka6HHe aBT0M06HA5I 70 aB- Ka- 
KOBa HHTeHCHBHocTB 3Byxa B Ka6HHe? 

A. 10“ 5 Bt/m 2 . 

B. 10 -6 Bt/m 2 . 

B. 10” 7 Bt/m 2 . 



ypoK 50. KoHmpofibHdft pa6oma 1 29 

r. io ' 8 Bt/m 2 . 

A. 1<T 9 Bt/m 2 . 

Bapuanm II 

1 . B cTpyHe B03HHKaeT CTOHHaa BOJiHa. JJjwhsl na^aiomeH h oTpaweH- 
hoh BOjiHBi L KaKOBo paccTOHHHe Meacny coce^HHMH y3jiaMH? 

A. A/4. 

E. X/2. 

BA. 
r 2 X. 

A 4 k. 

2. ripHMOH h OTpa^eHHtm HMnyjibcw nepeMemaiOTCH HaBCTpeny no 
BepeBKe CHMMCTpHHHO OTHOCHTeJlbHO TOHKH K (pwc. 46). KaKyK) (J)OpMy 
HMeeT BepeBKa b momcht BpeMeHH, Kor^a tohkh A h B 0Ka3biBaK)TCH b 
TOHK e K? 


A v 



3 Puc. 46 



3. KaKyio 4>opMy 6yaeT HMeTb BepeBKa H3 3a^anH 2 nocjie npoxo- 
)icaeHHB HMiryjiBcaMH tohkh K? 



5 B. A. Bojikob 
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4. MacTOTa 3ByKOBOH bojihbi 800 Tu. CKopocTt 3ByKa 400 m/c. Haft- 

£HTe ^JlHHy BOJIHBL 

A. 0,5 m. 

B. 1 M. 

B. 1,5 m. 
r. 2 m. 
a 2,5 m. 

5. ypOBeHL HHTCHCHBHOCTH 3ByKa B SnGjlHOTCKe 30 aE. KaKOBa HH- 
TeHCHBHOCTt 3ByKa B 6H6jlHOTeKe? 

A. 10~ ,0 Bt/m 2 . 

E. IO^Bt/m 2 . 

B. 10“ 8 Bt/m 2 . 
r. 10 7 Bt/m 2 . 
fl. 10“ 6 Bt/m 2 . 


Omeembi k KOHmpo/ibHou padome: 



HoMep eonpoca u omeem 

\ 

2 

3 

4 

5 

Bapuanm l 

B 

B 

B 

r 

A 

Bapuaunt 2 

E 

r 

r 

A 

E , 


III. IIoABeaeHHe HToros ypoKa 


TiiaBa 7. 3/ieKTpoMarHHTHbie BO/iHbi 

ypoK 51 . 3 jieKTpoMarHHTHoe nojie 

Lfejib: C(J>opMyjTHpOBaTB noHtfTHe <ojieKTpoMarHHTHoe rio:ie». 

Xo a ypoica 

I . OpraHH 3 ai|HOHHbiH momcht 

II. IIOBTOpeHHe 

- KaKHe B 3 aHMOAeHCTBW 5 I Ha 3 tIBHFOT 3 JieKTpOMarHHTHf,IMH? 

- Mto TaKoe 3 JieKTpnHecKHH 3 apa,n? 

- riepeHHCJTHTe CBOHCTBa 3JieKrpHHecKoro 3apaAa. 

- B qeM cxoactbo h oTJiHHHe 3 JieKTpHHecKoro 3 ap«Aa h rpaBHTaijH- 
OHHOH Maccbl? 

- Kax Ha3E,maeTca eAHHHua ajieKrpHnecKoro 3apaAa? 

- BeMy paBHO 3Ha^eHHe 3jieMeHTapHoro 3ap«Aa? 

- C^opMyJiHpyHTe 3aKOH coxpaHeHHa 3jieKTpHHecKoro 3ap*ma. 






ypoK 51. SneKmpoMazHumHoe none 
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III. AHajim 3KcnepHMeHTa 

Bo3bMHTe ManeHbKHH pbixjibifi xyconex Baxu Maccow 3-5 Mr. Xopo- 
rno Ha3JieKTpopH3yHTe nojiH3THJieH0Byio pacnecxy o HHcxbie Bonocbi hjih 
36oHHTOByio najiKy h onycxnxe Ha Hee Baxxy. Ona npimHexca h na- 
3jieicrpopH3yeTCfl. Pbibxom nanxw b CTOpoHy OTopBHTe BaTKy h 6bicxpo 
no^HecHTe nanxy non Baxxy, a nanee mo>kho ynpaBnaxb ee nsHnceHneM. 
rioHeMy oHa nJiaBaeT b B03nyxe? 

IV. H3yneHHe hobopo Ma lepnana 

noKo^muHCB 3apan co3naex TOJibKO onexxpHnecxoe none. 3apan no- 
KOHTCfl JIHUJb OTHOCHTejlbHO onpefleJieHHOH CHCTeMbI OTCHeTa. Othoch- 
TejibHo Apyrwx cHCTeM oxcnexa oh 6ynex nBHraxbcn h, cnenoBaxenbHo, 
co3naBaxb MarHHXHoe nojie. MarHHX, nencaiijHH Ha cxone, co3naex Mar- 
HHXHoe none. Flo ABmxeHHK) oxHocMxenbHO ero Ha6nionaxenb o6Hapy- 
xcHBaex h 3JieKXpH4ecKoe none. H xax, anexxpHHecxHe h MarHHTHbie no- 
jih - npo«BJieHHH e^HHoro uenoro anexrpOMarHHXHoro nonn. 

B Ka>KAOH TOHKe npOCTpaHCXBa H B Xa>KnbIH MOMeHX BpCMeHH co- 
cxoHHHe 3 JieKxpOMarHHXHoro non* xapaxxepH 3 yexc« AeyMJi BexxopaMH - 
BexxopOM 3 JieKxpH 4 ecKoro noaH E h BexxopoM MarHHXHoro nona B : 

E - 3JieKxpHnecKaH HanpjnxeHHocxb; 

B - MarHHXHaa HHnyxana. 

E h B - cHJiOBbie xapaxxepHcxHKH 3nexxpOMarHHXHoro nona. 

E^HHHHa 3jieKxpHHecKOH HanpjoxeHHoexH: 

E [H/Kji]; E= 

q 

EAHHHUa MarHHXHOH HH.ayKUHH: 

B [Tn] (Tecjia). 

Kax >xe nepenaeTca onexTpHHecxoe B3aHMonencxBHe? 

Ecjih noMecxHXb nBa 3apa)xeHHbix Tejia Ha HeSojibinoe paccxojiHHe 
4pyr ox npyra, a 3axeM onnH H3 hhx npHBecxH b nBHnceHHe, xo newcxBne 
nepenaexcn mthobchho Ha npyroe. 

FlepeMemeHHe 3apana MeHaex anexxpHHecxoe none b6jih3h Hero. 3to 
nepeMeHHoe ajiexrpHHecxoe none noponcnaex nepeMeHHoe MarHHXHoe 
none b cocenHnx o6nacxnx npocxpaHcxBa. nepeMeHHoe MarHHXHoe none, 
b cboio onepenb, nopo>xnaeT nepeMeHHoe 3nexTpHHecxoe none h x.n. 

riepeMemeHHe 3ap«na Bbi3bmaex «Bcnnecx» anexxpHHecxoro nonn, 
xoxopbiH pacnpocxpaHaexcH, oxBaxbiBan Bee Sonbinne h SonbiuHe o6nac- 
th oxpyixaKmjero npocxpaHcxBa. HaxoHen, 3X0X «Bcnnecx» nocxuraex 
Bxoporo 3apnna. Cxopocxb pacnpocxpaHeHHH 3Xoro npouecca paBHa cxo- 
pocxH cBexa b nycxoxe - 300.000 km/c. 


5 - 
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V. Bonpocbi 3aicpenjieHHfl 

- MtO Ha3bIBaiOT 3JieKTpOMarHHTHbIM nOJieM? 

- MoryT jih 3JieKTpHHecKHe h MarHHTHbie nonn cymecTBOBaTb 060 - 
co 6 jieHHO Apyr ot Apyra? 

- ^to xapaicrepH3yeT Beicrop E ? B xaxux eAHHHijax oh H3Mep5*eTC»? 

- tfro xapaKrepH3yeT BeKTOp B ? B xaxwx eAHHHijax oh H3Mepaercfl? 

- IloHeMy yTBepxcaeHHe, hto b a<ihhoh Tonxe npocTpaHCTBa cymecx- 
ByeT ToubKo 3JieKTpHHecKoe hjth tojibko MarHHTHoe nojie He hbjih- 
eTca BnojiHe onpeAejieHHbiM? 

VI. IIoABeACHHe HToroB ypoKa 

/Joiwaumee iaiamie 

n. 17. 


ypoK 52 . 3 jieKTpoMarHHTHbie bojihbi 

Ifejib: paccMOTpeTb rHnoTe3y MaKCBemia. 

Xo a ypoka 

I. OpramnamiOHHbiii momcht 

II. IIoBTopeHne, npoeepKa AOMaumero 3aAaHHsi 

- Mto Taxoe xpaHC<j)opMaxop? 

- KaKHM cnoco 6 oM moxcho yMeHbtuHTb 3 HeprexHHecxne noxepH b 
jihhhh 3 JieKTponepeAaHH? 

- OnniiJHTe npHHUHn achctbhh TpaHC<t)opMaxopa? 

- B KaxoM cjiynae TpaHc^opMaxop noBbimaex Hanpa>xeHHe, a b xa- 
kom noHH>KaeT ero? 

III. AnajiH3 3KcnepHMeHTa 
3KcnepUMeHm 1 

YHHBepcajibHbiH TpaHC^opMaTOp c xaxymxaMH Ha 220 B h 12 B. Ka- 
Tymxy Ha 12 B noABecbxe k AHHaMOMexpy h 3aMKHHTe Haxopoxxo. Ox- 
MeTbTe noKa3aHHfl AHHaMOMexpa. Bxjifohhxc xaiymxy Ha 220 B b ceTb 
nepeMeHHoro xoxa. npn 3 tom MeHbmaa xaTymxa npunoAHHMexca, a no- 
xa3aHH« AHHaMOMeTpa yMeHbmaTca. 06'bflCHHTe HaSjHOAaeMoe ABjieHHe. 
(Omeem: npH 3aMbixaHHH BxopHHHoft xaTymxw xpaHc^opMaTopa Haxo- 
poTxo, b Hefi B03HHxaeT HHAyxuHOHHbiH tox, xoTopbifi no npaBHJiy JleH- 
ua HMeeT npoTHBonono>KHoe HanpaBJieHHe oTHOCHTejibHO Toxa nepBHH- 
hoh uenn. npoTHBonojiO)KHbie tokh npH B3aHMOAencTBHH orranxHBaiOT- 
ca, nooTOMy noxa3aHH» AHHaMOMerpa yMeHbiuaioxcfl.) 



ypoK 52. SneKmpOMazHumHbie eo/iHbi 
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OncnepuMeHm 2 

KaTyniKy TpaHC(f>opMaTopa Ha 220 B c cepneHHHKOM 6e3 apMa bkjho- 
HHTe b ceTfc. PflAOM c 3a3opoM 3-5 cm pacnojicoKHTe BTOpyio KaiyuiKy Ha 
120 B Taoce c cepneHHHKOM 6e3 apMa, ho c BojibTMexpoM: 

1. riepsyio xaTyuixy bkjhohhtc b ceTb. rioneMy BonbTMeTp noxa3bi- 
BaeT HanpjoxeHHe? ( Omeem : KaTymxn CBJBaHbi HHnyxTHBHO. MarHHT- 
Hoe none nepBOH xaTyniKH waBOAHT 3JXC HHnyxuHH bo BTOpoH, hto h 
OTM enaeT BonbTMeTp.) 

2. B 3a3op Moxny KaTyuiKaMH BHeceM jihct ncecTH. rioneMy pe3KO 
yMeHtuiaioTCsi noxa3amia BOJibTMeTpa? (Omeem: )KecTb nacTHHHo oxpa- 
HHpyeT BTOpyio KaTyuiKy.) 

3. Bmccto 5KecTH b 3a3op noMecTHTe jihct JiaTyHH. rioneMy yMeHb- 
maioTca noxa3aHHa BontTMerpa? (Omeem: B naTynn B03HHKaioT tohxh 
O yxo, Ha hto pacxonyeTcn nacTb 3HeprHH.) 

IV. H3yneHHe hoboto MaTepwana 

IlepeMeHHoe MarHHTHoe none noponc^aeT anexTpHHecxoe none c 
33MKHyTbiMH cwnoBbiMH nHHHBMH. MeM GbicTpee MeHaeTcn MarHHTHan 
HHnyKUHa, TeM 6onbiue Hanpa>xeHHOCTb anexipHnecxoro nona. IIpH 

A B 

B03pacTaHHH MarHHTHOH HHnyKUHH — > 0 HanpaBneHHe HanpnnceHHo- 

A t 

cth o6pa3yeT neBbin bhht c HanpaBneHHeM BexTopa B . 

MarHHTHoe none nopoxcnaeT 3nexTpHHecxoe. Ho MO)xeT hh nepe- 
MeHHoe aneKTpHHecKoe none b cboio onepenb nopoacnaTb MarHHTHoe? 

MaxcBenn flonycma, hto taxon nponecc peanbHo nponcxojjHT. Ko- 
rna 3nexTpHHecxoe none H 3 MeHaeTcn co BpeMeHeM, oho noponcnaeT Mar- 
HHTHoe none. Ho Tonbxo npn B03pacTaHHH HanpJoxeHHOCTH anexTpHHe- 
AB A 

cxoro non* > 0 HanpaBneHHe BexTopa HHnyxijHH B B03HHxaioinero 

MarHHTHoro nona o6pa3yeT npaBbin bhht c HanpaBneHHeM BexTopa E . 

OTCiona MaxcBenn 3aKnioHHn, hto b npnpone Moryr cymecTBOBaTb 
onexTpOMarHHTHbie bojihbi. 

Ecnn b npoBonHHKe H3MeHHTb cwny Toxa, HHnyKijHB MarHHTHoro no- 
na H3MeH5ieTcn. nepeMeHHoe MarHHTHoe none co3naeT H3MeHaioineecn 
onexTpHHecxoe. 3nexTpHHecxoe none nopo>xnaeT nepeMeHHoe MarHHT- 
Hoe none, xoTOpoe, b cboio onepenb, cHOBa nopoacnaeT anexTpHHecxoe h 
t, n. Bo3HHxaeT cHCTeMa B3aHMHO nepneHnnxynnpHbix H3MeHaiomHXca 
3nexTpH necxHX h MarHHTHbix noneii, 3axBaTbraaiomHx Bee 6onbuiHe h 
6onbuiHe o6nacTH npocTpaHCTBa. 

PacnpocTpaHWomwecn b npocTpaHCTBe B03MymeHHa anexrpoMar- 
HHTHoro nonfl Ha 3 bmaiOT anexTpoMarHHTHbiMH BonHaMH. 
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CicopocTb, c KOTopofi pacnpocTpaHaeTca B03MymeHHe ojiacrpoviar- 
HHTHOrO nOJM, Ha3BIBaeTC5l CKOpOCTbK) 3JieKTpOMarHHTHOH BOjlHbi: 

_J . 

u = Xv , 

r^e X- AJiHHa bojihw [m]; v- nacTOTa [c _I ] [Yu]. 

3jietcrpoMarHHTHE>ie bojihw H 3JiyqaiOTCJi KOjie6jnomHMHCJi 3apn,ziaMH. 
npH 3TOM CKOpOCTb flBHSCeHHJI T3KHX 3apJUIOB MCHJieTCfl CO BpeMCHCM, 
T. e. OHH JJBHHCyTCJI C yCKOpeHHeM. 

HajiHHHe ycKopeHHB - maBHoe ycjiOBHe H3JiyHeHHB 3JieicrpOMarHHT- 
HWX BOJIH. 

Beicropw E h B b 3JieKTpOMarHHTHOH BOJiHe nepneH^HKyjiHpHW 
JX pyr jipyry h nepneimHKyjiJipHW HanpaBJieHHio pacnpocTpaHeHna. 
3jietcrpoMarHHTHaji BOJraa nonepeHHa. 

MaKCBejm 6 wji rjiy6oKO yfieacaeH b peajibHOCTH 3JieKrpoMarHHTHwx 
bojih, ho oh He aohchji jjo hx oiccnepHMeHTajibHoro o6Hapy»eHHji. Jlnuib 
nepe3 10 JieT nocne ero CMepTH ojieicrpoMarHHTHwe bojihw 6 wjih oxcne- 
pHMeHTajibHO noJiyHeHw TepueM. 

V. 3aKpenjieHHe Ma repHa.ia 

- Hto Ha3WBaiOT ajieicrpoMarHHTHOH bojihoh? 

- Hto BBJHieTCB HCTOHHHKOM 3JieKTpOMarHHTHbIX BOJIH? 

- KaxoBa CKopocTb pacnpocTpaHeHHa 3jieicrpoMarHHTHbix bojih b bo3- 
^yxe? 

- Ka K OpHeHTHpOBaHW BeKTOpbl E H B B 3JieKTpOMarHHTHOH BOJIHe? 

VL ITo^Be^eHHe HToroB ypoKa 
^OMauiHee 3a^aiiHe 

n. 48. 



ypOK 53. OTKpbITHe 3JieKTpOMarHHTHbIX BOJIH 

IJejib: paccMOTpeTb cBowcTBa 3JieKTpoMarHHTHwx bojih. 

Xo jx ypoKa 

I. OpraHH3ai|HOHHbIH MOMCHT 

II. IloBTopeHHe H3yneHHoro 

- B neM coctoht nmoTe3a MaxcBejuia? 

- OnHimrre npouecc B03 H hkhobch h a 3JieicrpoMarHHTHOH bojihw. 

- Hto Taxoe 3JieKTpOMarHHTHaa BOJiHa? 

- Ot Hero 3aBHCHT CKOpOCTb 3JieKTpOMarHHTHOH BOJIHbl? 




YpOK 53. OmKpbimue 3fiet<mpOMa2HumHbix eonn 
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III. npoeenemie caMOCTOHTejibHOH paooTbi 

1 . Hto TaKoe onexrpoMarHHTHbie bojihm? 

A. PacnpocTpaHmomeecn b npocTpaHCTBe nepeMeHHoe MarHHTHoe 
none. 

B. PacnpocTpaHmomeeca b npocTpaHCTBe nepeMeHHoe 3nexTpH4e- 
CKoe none. 

B. PacnpocTpaHMomeecH b npocTpaHCTBe nepeMeHHoe 3nexTpo- 
MarHHTHOe none. 

2. KaKOBbi ocHOBHbie nonoxeHHn TeopHH 3nexTpoMarHHTHoro nona 
MaKCBenna? 

A. npH BCflKOM H3MeHeHHH 3neXTpH4ecX0r0 nonn B03HHKaeT bhx- 
peBoe MarHHTHoe none, pacnpocTpaHjnomeecn co cKOpocTbio 
CBeTa. 

B. IIpH bcbkom H3MeHeHHH MarHHTHoro non* B03HHKaeT nepeMeH- 
Hoe BHxpeBoe 3JieicrpH4ecKoe none, pacnpocTpaHmomeecn b 
oxpyxcaioineM npocTpaHCTBe co cxopocTbio CBeTa. 

B. npH BCJIKOM H3MeHeHHH MarHHTHOrO nonfl B03HHKaeT BHXpeBOe 
3neicTpHHecKoe none, y KOToporo Bexrop Hanpn>xeHHOCTH: 



npn H3MeHeHHH 3nexxpH4ecxoro non* B03HHxaex MarHHTHoe 
none, y KOToporo BexTop HHnyxuHHi 



At 


pacnpocTpaHneTcn b oxpy^xaiomeM npocTpaHCTBe co cxopocTbio 
CBeTa. 

3. Kax b B03nyxe h3mchhtch nnHHa 3nexTpoMarHHTHbix BonH, H3ny- 
naeMbix Kone6aTenbHbiM xornypoM, ecnH cmkoctl Kone6aTenbHoro koh- 
Typa yBenH4HTb b 4 pa3a: 

A. YMeHbinHTCB b 4 pa3a. 

B. YBenHHHTcn b 2 pa3a. 

B. YBennHHTcn b 4 pa3a. 

4. KaxoBa B3aHMHaa opneHTanHa BexTOpOB B , E , v ? 

A. Bee Tpn BexTOpa B3anMH0 nepneHAHxynnpHbi. 

B. BexTop B coBna^aeT c BexTopoM E h nepneHnnxynnpeH Bex- 
TOpy L) . 

B. BexTop B coBnanaex c BexTopoM u , ho nepneHnnxynapeH Bex- 
Topy E . 

5. OnpenennTe nacTOTy xone6aHHH onexTpoMarHHTHbix BonH b Ba- 
xyyMe, ecnH nnHHa hx paBHa 2 cm. 
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a. o,7-io 6 ru. ; 

E. 610 s m 

b. i,s-io 6 ru. 

6. KaK nojnxHa HBHraTtcfl 3ap;DKeHHaa nacTHija, hto6w bo3hhxho * 

3JieKTpoMarHHTHoe H3nyHeHHe? I 

A. C nOCTOSHHOH CXOpOCTBK), 

E. Haxo^HTtca b noKoe. 

B. flBHraTLCH c ycKOpeHHeM. j 

7. Mojkho ji h Bw6paTb cHCTeMy OTcneTa, b xoxopoH o6Hapy5fouiacfc j 

6m TOJIBKO MaTHHTHaa COCTaBJMIOmafl S ? 

A. Hernia. 

E. Mo^kho, ccjih cucTCMa 6y.ueT nfinraTBca c Taxon nee cxopocTB, 
HTO H 3JieKTpOH. 

B. Mohcho, ecjiH CHCTeMa 6yneT nanraTBca co cxopocTtio 6onBinen 
CKOpOCTH 3JieKTpOHa. 

(i Omeemu : 1) B; 2) B; 3) B; 4) A; 5) B; 6) B; 7) A.) 

IV. H3yneHHe hoboto MaTepHajia 

1. PaccKa3 ywrejuL 

3jieKTpoMarHHTHaa BOJiHa o6pa3yeTca 6naronap5i B3anMHon cbh3h 
nepeMeHHtix 3jiexTpnnecxnx n MaranTHBix KOJie6aHHH. HeM SticTpee 
MeHHeTCfl CO BpCMCHCM MaTHHTHafl HHHyXimn, TCM 60JIBIIie Haiip5DKeH- 
hoctb B03HHKaiomero anexTpnnecxoro nojia, n Hao6opOT. Jipn o6pa30- 
BaHHB HHTeHCHBHMX 3JieKTpOMaTHHTHMX BOJ1H Heo6xOHHMBI 3JieKTpO- 
MarHHTHMe xoiieGanna HocTaTOHHO bmcokoh hbctoth. Hx moxcho nony- ; 
*ihtb c noMomtio KOJie6aTejiBHoro xoinypa. I 

T. Tepu Rim nocTpoeHna 3JiexTpoMarHHTHBix bojih HcnojiB30Baji ycT- 
poHCTBO, KOTopoe cennac Ha3BiBaiOT BH6paTopoM Tepua. (IIpencTaBJDieT ; 
C060H OTKpBTTBIH KOJie6aTejIBHBIH KOHTyp.) j 

J\iw B036yncneHna KOJie6aHHH b TaxoM Koinype npOBon pa3pe3aK)T{ 
no cepeHHHe, ocTaBJiaa He6ojiBinon B03nyniHBin npOMencyTOx. 06e nacTH 
npoBona 3apa»anH ho bbicokoh pa3HOCTH noTeHnnajioB, xorna pa3H0CTB 
noTeHUHajioB npeBBimajia HexoTopoe npenejiBHoe 3HaneHne. Ilpn 3 tom 
npocxaxnBana ncxpa, ueiiB 3aMBixanacB } n b otkpbitom xoHType bo3hh- 
xajin KOJie6aHH£. Ohh 3aiyxaiiH s Tax xax y xoHTypa ecTB axraBHoe co- 
npOTHBjieHHe, h Bn6paTOp, H3Jiynaa 3JiexTpoMarHHTHyio Bonny, Tepjui 
3Heprnio. 

3HexTpoMarHHTHBie bojihbi perncTpnpoBajincB c noMomBio BnSpaTo- 
pa (pe30HaT0pa), npencTaBJiaiomero co6on Taxoe nee ycTponcTBO, xax n 
H3JiyHaiomHH Bn6paTOp. non HeiiCTBHeM nepeMeHHoro snexTpnHecxoro; 
nojiH 3jiexTpoMarHHTHHe bojihbi b npneMHnxe B036yncnajin xone6aHHa 
Toxa. Ecjih co6cTBeHHan nacxoTa npneMHHxa coBnanana c nacxoToif 
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ajieKTpOMarHHTHOH BOJiHbi, Ha6jno;iajicfl pe30HaHc. KoneGaHHB b pe3yjib- 
TaTe npoHCxo^HJiH c Gojibinofi aMnjiHTyzjoH npw pacnojioaceHHH ero na- 
pajuientHO H3JiyHaiomeMy Bi*6paTopy. 

T. Tepu o6HapyacHJi 3 th KOJieGaHna, HaGjnojiaa hckopkh b oneHb Ma- 
jieHBKOM npoMe>KyTKe Meacny npOBO^HHKaMH npHeMHHKa BHGpaTOpa. 
Tepu He tojilko nojiyHHji 3JieKTpOMarHHTHi>ie bojihbt, ho h o6Hapy5KHji, 
hto ohh Be^yT ce6a noaoGHO jjpyrHM BH^aM bojih. 

2. fleMOHCTpaHHH CBOHCTB 3JieKTpOMarHHTHbTX BOJIH npH HOMOUIH 
CBH-reHepaTopa. 

3jieKTpoMarHHTHbie bojihu H3jiyHaioTCJi pynopHofi aHTeHHOH b Ha- 
npaBJieHHH och pynopa. IlpHeMHaji aHTeHHa b BHjie Tanoro ace pynopa 
yjiaBJiHBaeT bojihbi, KOTOpbie pacnpocTpawnoTCa b^ojib och. 

Mo>kho npo^eMOHCxpHpoBaTb: 

1 . nornomeHHe 3JieiapoMarHHTHi>ix bojih. 

2. OrpaaceHHe. 

3. npejiOMJieHHe. 

4. rionepeHHocTb. 

3jieKTpOMarHHTHBie bojihu oGjia^aiOT pa/iOM BaacHbix cbohctb: 

1 . H3JiyHaioTCfl ycKopeHHO /iBHacymiiMHca 3apjmaMH, npHneM E ~ a. 

2. 3neKTpoMarHHTHbie bojihu MoryT pacnpocTpaHflTbca He tojibko 
b pa3JiHHHbix cpe^ax, ho h b BaxyyMe. 

3. CnopocTb b BaxyyMe: v 0(JK = . ^ « 3 * 1 0 s m/c - coBna^aeT co 

CKOpOCTbJO CBeTa. 

4. CKOpOCTb 3JieKTpOMarHHTHbIX BOJIH B BeiljeCTBe HH>Ke, HeM CKO- 
pocTb b BaxyyMe. 

5. FIpH nepexojie 3jieKTpoMarHHTHOH BOJiHbi H3 o^hoh cpejibi b 
jjpyryio, nacTOTa BOJiHbi He H3MeHfleTca. 

6. 3jieKTpoMarHHTHbie bojihbi MoryT nomomaTbca BemecTBOM. 

7. npeJIOMJHHOTCJI H OTpa>KaK)TCfl. (^eMOHCTpailHB.) 

8. 3jieiapoMarHHTHaji BOJiHa nonepenHa. (JJeMOHCTpauHfl.) 

9. IlnOTHOCTb 3JieKTpHHeCKOrO nOJIfl B 3JieKTpOMaTHHTHOH BOJIHe 
paBHa njiOTHOCTH MarHHTHoro nojia. 

10. riuoTHOCTb 3HeprwH 3JieKTpoMarHHTHoro nojui b pacnpocTpa- 
HJnomeHCfl b BaxyyMe BOJIHe nponopuHOHajibHa KBajipaTy 3JieK- 
TpHMeCKOH HanpB^KeHHOCTHl W - W o:t +W M = £ q E 2 . 

11. PiHTeHCHBHOCTb ajieKTpOMarHHTHOH BOJiHbi nponopijHOHajibHa 
cpejjHeMy KBa,apaTy HanpaaceHHOCTH 3JieKTpHHecKoro nojia b 
BOJIH e: / = ce 0 E 2 . 
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1 2. MHTeHCHBHocTt nponopuwoHajibHa neTBepTOH CTeneHH ee nac- 

TOTL]: / a D 4 . 

V. Bonpocbi jxjih laKpenjieHHfi 

- ^TO JIBJiaeTCK HCTOHHHKOM OJlCKTpOMaFHHTHLIX BOJ1H? 

- Hto ABjiaeTCfl H3JiyHaTeneM ajieKTpoMarHHTHbix bojth? 

- Kax ycTpoeH BHSpaTop F epua, kakob npHHijHn ero paSoTti? 

- KaxoBa cKopocTB pacnpocTpaHeHHJi oji CKT po m arHHTH bix bojth b 
B03;jyxe? 

- riepeHHCJTHTe OCHOBHbie CBOHCTBa OJieKTpOMarHHTHbIX BOJ1H. 

VL IIo^BeAeHHe HTOroB ypoica 

AoMauiHee va ash vie 

n. 49, 50. 

P - 986. 


^onojiHHTejibHbiH MaTepwaji 
reHpux Pydojjbfp repn 

TeHpHx Py^ojibtj) Tepu (1857-1894 ) poahacb 22 <})eBpajia b TaM6ypre, b ce- 
Mbe aABOKaTa, CTaBtnero no3AHee ceHaropoM. Y^hjic# Tepu npexpacHo h 6brji 
HenpeB30H,neHHb]M no coo6pa3HTejibHOCTH yneHHXOM. Oh jik>6hji Bee npeAMeTbi, 
jik)6hji nncaTb cthxh h pa6oTaTb Ha TOxapHOM CTaHKe. K cowaneHHfo, bcio 
)KH 3Hb Tepuy Meina^o cjia6oe 3AopoBbe. 

B 1875 roAy nocjie oxoHHaHna rHMH33HH Fepa nocTynaeT b ,Hpe3AeHcxoe, a 
3aTeM b MioHxeHCKoe Bbicinee TexHHnecxoe ynHAHme. AeJio uijio xoporno ao Tex 
nop, noxa H3yHajiHCb npeAMeTbi o6mero xapaxTepa. Ho xax Tonbxo Hanajiacb 
cneuHanH3auH5i, Tepu H3MeHHJi CBoe pemeHne. Oh 6 ojiee He >KejiaeT 6biTb y3KHM 
cneuwajiHCTOM, oh pBeTCfl k HaynHofi pa6oTe h nociynaeT b EepJiHHCxHH yHH- 
BepCHTeT. Tepuy noBe3Jio: ero HenocpeACTBeHHbiM HacTaBHHKOM oxa3ajicff 
FejibMrojiba. Xotjt 3 HaMeHHTbiH (Jonux 6 ma npnBepweHaeM Teopnn AaAbHOAew- 
ctbhji, ho xax HCTHHHbiH yneHbiH oh 6e3oroBoponHO npH3HaBaii, hto HAew Oapa- 
jxtsi - MaxcBejuia o 6 ah3xoachctbhh h (J)H3 HHecKoe nojie AaiOT npexpacHoe co- 
raacwe c axcnepHMeHTOM. 

IlonaB b EepjiHHCKHH yHHBepcHTeT, Tepa c 6 ojimuhm weJiaHHeM CTpeMHTCJi k 
3aHHTHJiM b (j>H3HHecKHx Aa6opaTopn»x. Ho k pa6oTe b jia6opaTopH5ix Aonycxa- 
JIHCb JlHLUb Te CTyjreHTbl, KOTOpbie 3aHHManHCb peuieHHeM XOHKypCHblX 3aABH. 

rejTbMrojiba npe^noxcHjr repay 3aAany H3 oSuacm ajieKTpojiHHaMHK'H: o6jia^aer 
jih tok KHHeTHHecKoil aHepraefi? rejibMrojiba xoTeji HanpaBHTb cnjibi Tepaa b 
o6jiacTb 3JieKTpoAHHaMHKH, cHHTas ee HaH6ojiee 3anyTaHH0H. 

Tepa npHHHMaeTCJi 3a peuieHHe nocTaBJieHHOH 3aAann, paccnHTaHHOH Ha 9 
MecaaeB. Oh caM H3roTOBJiaeT npH6opbi h oTJiawHBaeT hx. ripn pa6oTe HaA nep- 
boh npo6jieMoii cpa3y we BbiHCHnjiHCb 3ajioweHHbie b Tepae nepTbi HccAeAOBa- 
Te;i5i: ynopcTBO, peAKoe TpyAOAK>6ne h HcxyccTBo axcnepHMeHTaTopa. 3aAana 
6buia peoieHa 3a 3 Mec^aa. Pe3yribTaT, xax h owHAajiocb, 6 wa 0TpnaaTejn>HbiM. 
(CeiiMac HaM jicho, hto 3AexTpHHecxnH tox, npeACTaBjrjoomHH co6oh HanpaB- 
aeHHoe ABHweHHe ajrexTpHHecxHX 3ap«AOB (ajiexTpoHOB, npoTOHOB), o6aaAaeT 
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KHHeTHHecKOH aHepmeii. J\nn Toro hto 6 m Tepu mof o6Hapy>KHTb 3to, HaAO 6u.no 
noBbicHTb TOHHOCTb ero 3KcnepHMeHTa b tucahh pa3.) nonyHeHHUH pe3yjibTaT 
coBnan c tohxoh 3pemiH rejibMrojibua, xotb h ouih 6 ohhoh, ho b cnoco6HocTfix 
Mojio^oro Tepua oh He ouihGcji. «51 yaH^eji, mto HMen Aeno c vhchhkom coBep- 
uieHHO Heo6biHHoro AapoBaHH*» - OTMenan oh no3AHee. Pa6oTa Tepua 6biJia 
yaocroeHa npeMHH. 

BepHyBuiHCb nocjie jicthhx KanHKy/r 1879 rona, Tepu aoOhjicji pa3peiueHHH 
pa6crraTb uaj\ jipyroH tcmoh: «06 hh/^kuhh bo BpaiijaioiUHXCfl Te;iax», b3stoh b 
xanecrBe AOXTopcxofi nHcceprauHH. Oh npe^nojiaraji 3aBepuiHTb ee 3a 2-3 Mecaua, 
3amHTHTb h riocKopee nojryHHTb 3BaHHe Aoxropa, xoth y hh B epCHTeT eme He 6bin 
3 aKOHHeH. PaOoTaa c OojibiiiHM nOA*bCMOM h BoonyuieRiiCHHeM, Tepu 6bicrpo 3a- 
kohhhji HccneAoeaHHe. 3aiHHTa npomna ycneuiHO, h eMy npHcyAHJiH cTeneHb aok- 
TOpa «c OTjiHHHeM» - HBJieHHe HCKJHOHHTejibHO peAxoe, tcm 6ojiee jv is CTyneHTa. 

C 1883 no 1885 roA Tepu 3aBeAOBan xa(J>eApoH TeoperHHecxoii 4 >h 3 hkh b 
npOBHHUHajibHOM ropoAxe Kune, r^e coaceM He 6 buio 4>H3HHecxoH JiaOopaTo- 
pHH. Tepu peiHHJi 3aHHMaTbca 3 ^ecb TeopeTHwecxHMH BonpocaMH. Oh xoppexTH- 
pyeT CHcreMy ypaBHeHHji ajiexrpoAHHaMHKH oahofo H3 apxnx npeACTaBHTenen 
^ajibHo^eHCTBHH HewMaHa. B pe3yjibTaTe 3toh pa6oTbi Tepn Hanncaji cboio chc- 
reMy ypaBHeHHH, H3 xoropofi nerxo nojiynanocb ypaBHeHHe MaxcBejura. Tepn 
pa30Map0BaH, Be^b oh nuTancs A0xa3arb y h HBepca/ibHocTb 3JiexTpOAHHaMHHe- 
ckoh TeopHH npeACTaBHTejien AaAbHOAeHCTBHH, a He TeopHH MaKcaejuia. «#aH- 
HblH BbIBOA HCJ1K3H CHHTaTb AOXa3aTeJIbCTBOM MaxCBeJIJlOBCXOH CHCTeMbl XaX 

e^HHCTBeHHO bo 3 moxchoh», - AenaeT oh abji ce6a, no cymecTBy, ycnoxaHsato- 

IUHH BUBOA- 

B 1855 roay Tepu, npHHHMaer npHrnauieHHe TexHHHecKoft uikojiw b KapJic- 
pya, rAe 6yAyT iipoBCACHbi ero 3aMewaTenbHue onuru no pacnpocTpaHeHHio 
ajieKTpHHecKOH CHJibi. Eme b 1879 roAy EepnHHcxaa axaAeMHJi Hayx nocTaBHjia 
3aAany: «rioxa3aTb 3KcnepHMeHTaribHoe HajiHHHe xaxon-HH6yAb cbjuh Moxzjy 
3JieKTpO^HHaMHHeCKHMH CHJ 1 EMH H AH3JTeXTpHHeCXOH nOJIJfpH3aHHeH AH3JieXTpH- 

kob». ripeABapHTeabHbie nOACMerw Tepua noxa3ajin, hto OKHAaeMbiH a^eicr 
6yaeT oneHb Man Aaace npn caMbix OjiaronpHBTHux ycjioBHax. PoaTOMy, bhah- 
mo, oh h OTKa3ajiCfl ot 3toh pafkrru oceHbio 1879 rOAa. OAHaxo oh He nepecTa- 
Ban nyMarb O bo3moxchwx nyr»x ee peuieHna h npHuien k bubo Ay, hto ajih 3Toro 
Hy»CHU BUCOKOHaCTOTHUe 3JieKTpHHeCKHe KOJiefiaHHfl. 

Tepu TmaTejibHo H3yHHA Bee, hto 6 ujio hsbcctho k 3TOMy BpeMeHH 06 anex- 
TpOTexHHHecxHX xone 6 aHHHx h b TeopeTHnecxoM, h b axcnepHMeHTaribHOM nna- 
Hax. Haaiui b (|)H3HHecxoM xa 6 HHeTe TexHHHecxon uikojiu napy HHAyxunoHHUx 
xaTyuiex, h npOBOA» c hhmh jiexuHOHHue AeMOHcipauHH, Tepu o 6 Hapyxcnn, hto 
c hx noMOiubH) mohcho 6 ujio noJiyHHTb 6ucrpue anexrpHHecxHe xojieCaHHs c 
nepHOAOM 10-8 c. B peayjTbTare 3xcnepHMeHTOB Tepu co3Aan He TOJibxo buco- 
xonacroTHUH reHepaTop (hctohhhx BucoxonacTOTHbix xoneOaHHfi), ho h pe30- 
Harop - npweMHHX 3 thx xojieOaHHH. 

TeHeparop Tepua cocto)ia H3 HHAyxuHOHHott xaTymxH h npHCoeAHHeHHbix x 
Hen npoBOAOB, o6pa3yiomHx pa3p«AHUH npoMOxyrox, pe30HaT0p - H3 npoeoAa 
np»MoyroAbHOH (]>opMbi h Aayx uiapHKOB Ha ero xoHuax, Taxxce oOpaayioLUHx 
pa3p»AHUH npoMOxyrox. B pe3ynbTaTe npOBeACHHbix onuTOB Tepu o6Hapy»Hji, 
hto ecAH b reHepaTOpe 6yAyT npowcxOAHTb aucoxonacTOTHue xoneOaHHJi (b ero 
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pa3p«^H0M npoMe>KyTKe npocxaxHBajia wcxpa), to b pa3pa,aHOM npoMe>xyTxe 
pe30HaT0pa, yqajieHHOM ot reHepaTopa ,na>Ke Ha 3 MeTpa, To>xe 6y/iyT npocxaxn- 
BaTb MajieHbKHe Hcxpw. TaKHM o6pa30M, HCKpa bo BTopofi uenw B03HHKajia 6e3 
BcaKoro Henocpe^cTBeHHoro KOHTaKTa c nepBOH qenbio. KaxoB ace MexaHH3M ee 
nepe^anH? Hjih 3to 3JiexTpHHecxaJi HHAyxqHfl, corjiacHO TeopHH MaKCBejuia? B 
1887 ro/iy Tepu noxa Hnnero eme He roBOpHT 06 ajiexTpHnecxHX BOJiHax, xoth 
y>xe h 3aMeTHjr, hto jfBjreHHe reHepaTopa Ha npneMHnx oco6chho cnjibHo b cjiy- 
nae pe30HaHca (nacTOTa xojie6aHHH reHepaTopa coBna^aeT c co6ctbchhoh nac- 
totoh pe30HaTopa). 

TTpoBejifl MHoroMHCjreHHbie onbiTbi npH pa3JTHHHbix B3aHMHbix nojio>xeHHJix 
reHepaTopa h npneMHHxa, Tepq npHxo^HT k BbiBOAy o cyiqecTBOBaHHH ajrexTpo- 
MarHHTHbix bojih, paenpocTpaHJnomHXCH c xohchhoh cxopocTbK). By^eT jih boji- 
Ha BecTH ce6fl xax cbct? H Tepu npoBO/iHT TiuaTejibHyio npoBepxy 3Toro npeji- 
nojrojKeHHJi. Flocjie H3yneHHJi 3axoHOB 0Tpa>xeHHfl h npeJioMJieHHa, nocjie ycTa- 
HOBJieHHH nOJlflpH3aUHH H H3MepeHHfl CKOpOCTH 3JieKTpOMarHHTHblX BOJIH OH 
,aoKa3aji hx nojiHyio aHajiorHHHOCTb co cBeTOBbiMH. Bee 3 to 6buro H3Jio>xeHo b 
pa6oTe «0 Jiynax 3JiexTpHHecxoH cHJibi», BbimeflmeH b ,aexa6pe 1888 ro.ua. 3tot 
TOfl CHHTaeTCa rOJJOM OTKpbITHJI 3JieKTpOMarHHTHbIX BOJIH H 3KCnepHMeHTajlbH0- 
ro noATBepxcAeHwa TeopHH MaxcBejuia. B 1889 ro,ay, BbicTynaa Ha chC 3 jie He- 
MeuKHx ecTecTBOHcnbiTaTejreH, Tepu roBOpHJi: « Bee 3 th onbiTbi OHeHb npocTbi b 
npHHunne, tcm He MeHee, ohh BJiexyT 3a co6oh BawHeHuine HCCJieflOBaHHfl. Ohh 
pyuiaT BCXKyio TeopHio, xoTOpaa CHHTaeT, hto ajiexTpHHecxne cnjibi nepenpbirn- 
BaFOT npocTpaHCTBO MTHOBeHHO. Ohh 03HanaK)T 6jiecT5imyK) no6eay TeopHH 
MaxcBejura. Hacxojibxo MajioBepojnmiM xa3ajiocb paHee ee B033peHHe Ha cym- 
hoctb CBeTa, HacTOJibxo Tpy^Ho Tenepb He pa3^e^HTb 3to B033peHHe». 

HanpjDKeHHaa pa6oTa Tepua He npoiiuia 6e3Haxa3aHH0 ajiji ero h 6e3 Toro 
cjia6oro 3,aopoBbH. Hanajiocb o6mee 3apa>xeHHe xpOBH, ot xoToporo h cxoHHancfl 
3HaMeHHTbifi y>xe b cboh 37 JieT yneHbiH TeHpHX Tepu. 

Tepu aaBepiHHJi orpoMHbifi Tpy,u, HanaTbiH OapaaeeM. Ecjth MaxcBejui o6pa- 
30Baji npe^cTaBJieHH« Oapa^ea b MaTeMaTHnecxHe o6pa3bi, to Tepu npeBpamn 
3TH o6pa3bI B BH^HMbie H CJlblUJHMbie 3JieXTpOMarHHTHbie BOJIHbl, CTaBUJHe eMy 
BeHHbfM nawHTHHXOM. Mh noMHHM T. Tepqa, xor^a cjiymaew pa^no, cmotphm 
TejieBH30p. H He cjiynaHHO nepBbiMH cjioBaMH, nepeqaHHbiMH pyccxHM (J)h3hxom 
A. C. IlonoBbiM no nepBOH 6ecnpOBOJiOHHOH cbh3h Sujih: «feHpHX fepu». 


ypoK 54 . Co3,naTejiH GecnpoBO^Hofi cbh3h. Pa^wo 

Lfejib: H3yHHTb TexHunecicyio CHCTeMy pa^no. 

Xo jx ypoKa 

I. OpraHH3aUH0HHblH MOMeHT 

II. IIOBTOpeHHe 

- MtO Ha3bJBaeTCfl OJieKTpOMarHHTHOH BOJ1HOH? 

- ^TO JIBJIJieTCa HCTOHHHKOM 3JieKTpOMarHHTHBIX BOJIH? 
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- KaK ^oji^hm ^BHraTLca HacTHijbi, hto6m ohh H3JiynajiH ojieKTpo- 
MarHHTHbie bojihli? 

- HanepTHTe cxeMy h o6-bacHHTe npHHiiHn .uchctbhh OTKptiToro ko- 
jie6aTejitHoro KOHTypa. 

- Kax ycipoen BH6paTOp Tepqa? 

- , KaKOB npHHi^nn pa6oTw BH6paTopa Tepua? 

III. HiyneHiie Hosoro MaTepnajia 

EecnpOBOJiOHHaa Tenerpa^HH (tslk nepBOHanajibHO HMeHosajiacb pa- 
^H0CBa3b) ABJiaJiaCb OAHHM H3 BeJIHHaHHIHX H3o6peTeHHH B HCTOpHH 
HayKH H TeXHHKH. 

H3o6peTeHHe pa^no - 3 to npHMep npeBpameima HayKH b Henocpe^- 
CTBeHHyiO npOH3BO^HTeJILHyiO CHJiy. 

K 1895 r. Tenerpa4)Hbie npoBO^a yxce onoacajiH Beet 3 cmhoh map, hx 
npoTaHyjiH ^a^ce no flHy OKeaHOB. IIojiTOpa MHJuiHOHa TeJie<})OHOB 6 lijio 
k KOHijy BeKa tojilko b CLUA. Ho ocHOBHbie 3aTpara npH CTpoHTejibCTBe 
hoblix jihhhh CBA3H 6binH onpeflejieHbi cTOHMocTbio Ka6ejieH s Cpe,aCT- 
bom nepeaaHH HH^opMaijHH HBjiajica 3JieierpHHecKHH tok. Ha coopyace- 
hhb cBa3H yxo^HJiH nejibie ropbi MeTamiOB. Haea ocymecTBjieHHa CBa3H 
6e3 npoBo^OB yace Hocnjiacb b B03flyxe. 

JIio6oe H3o6peTeHne ^ejiaeTca Ha ocHOBe HaynHbix otkpmthh. 

• Oapa^eH OTKpbiJi aBJieHHe 3JieKTpOMarHHTHOH HHflyKijHH. 

• JJpc. MaKCBenn C03/iaji TeopHio 3JieKTpoMarHHTHoro nona. 

• I\ repij 3KcnepHMeHTajibH0 £OKa3aji cymecTBOBaHne sjieKTpOMar- 
HHTHblX BOJIH. 

• 3. EpaHJIH CKOHCTpyHpOBajI HH/JHKaTOp OJieKTpOMarHHTHbIX BOJ1H 
(pajiHOKOH^yKTOp). H3ynaa CBOHCTBa MeTajniHHecKHX nopouiKOB pearn- 
pOBaTb Ha 3JieKTpHHecKHe pa3pa/ibi, npoBeji onbiT: Ha H30JiHpoBaHHyio 
no^cTaBKy nojioacHji /jBe HeconpHRacaiomneca MeTajuinnecKHe miacTHH- 
kh, noBepx KOTopwx Hacbinaji ropxy acene3Hbix onnuoK, Tax htoSh koh- 
Hbi nnacTHHOK 6mjih noKpbiTbi. Meac^y njiacTHHKaM h nocne^oBaTejibHO 
BKJ1IOHHJI 3JieKTpHHeCKHH 3BOHOK. TaK KaK COnpOTHBJieHHe OnHJIOK 
6ojIbIUOe - 3BOHOK He 3BOHHJL O^HaKO npH B03^eHCTBHH ojieKipoiviar- 
HHTHOH BOJlHbl, HanpHMep OT B03HHKUICH HenOflaJieKy HCKpbl, COnpOTHB- 
JieHHe onHJioK pe3KO na^ano. 

(fleMOHCTpauna onwTa EpaiuiH.) 

• H. Tecjia npe,OJiaraeT aHTeHHy ;uia nepe^aTHHKa. 

• O. JIo^»c. CosepmeHCTByeT npn6op EpaHJIH. 

Pe3Koe yMeHbmeHHe conpoTHBjieHna onnjioK CB»3aHO c hx cnexaHH- 
eM. Kor.ua tok Sojibuioh - 3ByxoBOH cnrHaji ecTb, ho Ha hobbih cnrHaji 
yace HeT HHKaKOH peaKiiHH. 
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O. Jlcm>K npe/yioxam npocToe BCTpaxHBaHHe. fljia perynapHoro 
BCTpflXHBaHHH HCn0Jlb30BaJlCa HaCOBOH MexaHH3M, nOCTyKHBaiOmHH 
KOHCTpy kuh io mojiotkom, Ha3BaHHbiH KorepepOM. 

A. C. IlonoB npe4Jio>KHJi coOcTBeHHyio KOHCTpyKijHio xorepepa. 
CTeKJiflHHyio Tpy6Ky, BAOJib BHyrpeHHHx crreHOK KOTOpofi Ha paccroa- 
hhh 2 mm Apyr ot Apyra npnKJieHBanHCb nojiocKH ruiaTHHbi, noBepx Ha- 
cbinajiHCb MeTaJiJiHHecKHe oiihjikh. Tpy6a 3aTbiKajiacb c AByx CTOpOH. 
BcTpaxHBaTb xorepep nocjie xaxcAoro CHraajia npHXOAwnocb aBTOMaTH- 

HeCKHM MOJIOTOHKOM 3BOHK3. 

npweMHHK CHaOxcanca aHTeHHOH b BHjie BepTHKajibHoro npoBOAa 
AAHhoh 2,5 m - 3TO perHCTpnpyiomHH cwrHaji. 

Xojl COfiblTHH 

A. C. Ilonoe: 

• 1895 r. - nepeAana paAHOCHrHana Ha 60 m (paHHaa BOjiHa); 

• 1895 r. 7 Max (25 anpena) - rrpoAeMOHCTpnpoBaH nepBbiH b MHpe 
pajriHOceaHC c nepe^aneH h npweMOM kopotkhx h ajihhhmx curHajioB Ha 
3 ace^aHHH <X)H 3 HHecKoro oxaejieHna Pyccxoro (j)H 3 HKO-xHMHHecKoro 
oOmecTBa; 

• 1895 r. - A.C. IlonoB yqacTBOBaA b paOoTe HHXceropOACKOH ap- 
MapKH b KanecTBe HHxteHepa-aneicrpOTexHHKa; 

• 1895 r. (oceHb) - y3Haji 06 OTKpbiTHH K. PeHTaHa. 

• 1896 r. (aHBapb) - H3roTOBHJi nepByio b Pocchh peHTreHOBCKyio 
TpyOicy, c noMOiHbio KOTOpon xceHa FIonoBa - Bpaq - nojiynHJia nepBbiH 
b OTenecTBenHoii mcahuhhckoh npaKTHKe peHTreHOBCKHH chhmok; 

• 1896 r. (aHBapb) - Bbiuuia CTaTba no AOKJiaAy 25 anpejia 1895 r., 
r^e 6buia noAnepKHyTa npaKranecKaa HanpaBJieHHocTb npH6opa. CTaTba 
CTafla TJiaBHbJM lOpH^WHeCKHM AOKyMCHTOM, KOTOpblH 3a(j)HKCHpOBaJl 
coAepxcanne h AaTy H3o6peTeHHa. (TaM xce 6buio npHBe^eHO onHcaHne.) 

• 1 896 r. 24 MapTa - BnepBbie b MHpe ocymecTBHJi paAHOCBa3b Ha 
paccToaHHH 250 m, nepeAaB paAHorpaMMy a36yxoH Mop3e «PeHpHx 
Tepu»; 

• 1 897 r. (Hana/io roAa) - ocymecTBJieHa CBa3b Mexmy KpOHuiTaAT- 
ckhm OeperoM h Kopa6neM Ha paccToaHHH 640 m; 

• 1897 r. (nero) - cBa3b Ha paccToaHHH 5 km; 

• 1896-1897 it. - noA pyKOBOACTBOM A.C. FTonoBa ctcoHCTpyupoBa- 
Hbi nepBbie BoeHHbie npHeMHO-nepe^aiomHe paaHocTaHijHH c HCKpoBbt- 
mh nepe^aTHHKaMH; 

• 1900 r. - 3aHajica ocHameHneM KopaOjieit poccnncKoro cJ)Jioxa cpeA- 
creaMH CBa3H b KpoHnrraATe. nepBbiH xce o6mch paAHorpaMMaMH co 
CTaHunaMH no3BOJiHJi cnacTH 6ojibuiyio rpynny pbi6aKOB h 0Ka3an> no- 
Momb OpoHeHocny «r eHepaji-aAMHpaji AnpaKCHH», ceBUieMy Ha KaMHn. 
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• 1900 r. - HcriMTaHHe noxo^Hbix apMencKHx pa^HocTaHUHM b rione- 
Bbix ycjioBHHx; 

• 1900 r. (H05i6pb-^eKa6pb) - opraHH30BaHbi pa^HOTene^oHHbie Mac- 
TepcKHe; 

• 1901 r. - ycTaHOBKa pa^HOCTaHUHH Ha KopaOne HepHOMOpCKOH 3C- 
Ka^pbi; 

•1901 r. - ^ocrarHyTa ^ajibHOCTb pa^HOCBfl3H jxo 1500 km; 

• 1901 r. - BbiSpaH npo<J)eccopOM IleTepSyprcKoro 3JieKTpOTexHHne- 
CKoro HHCTHTyTa; 

• 1905 r. - BbiSpaH ^HpeKTopoM rieTepOyprcKoro 3JieKTpOTexHHHe- 
CKoro HHCTHTyTa; 

• 1906 r. 13 BHBapB - cKoponocTH>KHo cKOHnajics. 
r. Mapnonu : 

• 1894 r. - 3HaKOMHTca c paSoTaMH Tepua h BpaHJin; 

• 1895 r. - ocymecTBHH nepe^aHH CHraana b npejjejiax «ynacTKa». 
OnbiT npoBe^eH b yca^bSe po^HTeneH; 

• 1896 r. - npHBe3 npoeKT b Ahhihio, npe^jio>KHJi Hcnojib30BaTb ajia 
nepe^ann cnrHaJioB; 

• 1 897 r. - nojiynHji aHmHHCKHH naTeHT Ha «CncTeMy nepe^anH pa- 
AHOCHrHajiOB» h nepe^au ycTOHHHBbin cnrHaji nepe3 EpHcmnbCKHH Ka- 
Han (9 MHJib): opraHH30Baji aKUHOHepHoe oSmecTBo no pacnpocTpaHe- 

HVHO paAHO KBK CpeftCTBa CB«3H; 

• 1899 r. - ocymecTBHJi CB33b Ha 50 km. nonyHHji npeHMymecTBO Ha 
ocHameHvie Kopa6nefi. flajibHocTb cb«3h - 100 km; 

• 1900 r. - npe^Jio^cH^ HOByio cxeMy HacTpoHKH, noBbiCHji ^ajib- 
HOCTb CHTHajia H TOHHOCTb. CBH3b - RO 1000 KM; 

• 1901 r. - ocymecTBjieHa CB33b nepe3 AxnaHTHHecKHH oKeaH; 

• 1903 r. - .aajibHOCTb ^ocTHrjia 10.000 km; 

• 1909 r. - BMecTe c npo(J>eccopoM K.O. BpayHOM yAOCToeH Ho6e- 

JICBCKOH npeMHH B o6jiaCTH ([)H3HKH 3a paCUlHpeHHe B03MO>KHOCTeH pa- 
^nonepe^aTHHKa; 

• 1921 r. - BnepBbie ocymecTBHJi peryjiapHyio pa£H0CBfl3b MOfgjy 
EBponoH h AMepHKon; 

• 1 934 r. - cTan npe3H,aeHTOM HTajibflHCKOH aKaaeMHH Hayx; 

• 1937 r. 20 hk>jm yMep. 

rio^poGHbiH AOKJia^ o paSoTe MapKOHH c^ejian B. Tlpnc, OKa3aBiiJHH 
eMy noMotUbio b pa6oTax. CxeMa npneMHHKa T. MapKOHH 3a hckjhohc- 
HweM BTOpocTeneHHbix ^erajieit nojinocTbio noBTopaeT cxeMy A. C. Flo- 
noBa. 

B 1895 r. A. C. IlonoB, 3a jx Ba ro,aa ao Bbi^ann naTeHTa MapKOHH, 
co3flaji CHCTeMy TejierpacjwH 6e3 npoBo^OB, cncTeMy paaHocB33H. 


144 noypcwHb/e pa3pa6omKU k y^eSnuny r.FI. MfiKUiueea, B.B Byxoeueea 


A. C. rionoB nocne floioiajja B. IInpca 06 H3o6peTeHHH T. MapKOHH 
HanpaBHJi CTaTbio b aHniHHCKHH acypHaji «The Electrician», b KOTopofi 
onwcaji cboh paGoTti h otmcthji, hto npweMHHK MapKOHH He oTJiHHaeTCH 
ot ero npHeMHHKa, co 3 ^aHHoro b Mae 1895 r. 

IleTepSyprcKafl ra3eTa «HoBoe BpeM5i» oGBHHHJia b «HeyMecTHOH 
ckpomhocth» A. C. rtonoBa, TaK KaK oh Mano nwcaji o CBoeM H3o6peTe- 
HHH, HO yneHWH 6bIJI CB5I3aH o65!3aTeJII>CTBOM XpaHHTb TaHHy C03^aBaeM0H 
hm CHCTeMbi Tejierpa(J)HH 6e3 npOBOAOB ajia BoeHHoro (J)JioTa Pocchh. 

B 3aKJH0HeHHe 0TBen>Te Ha Bonpoc: 

Tax kto yKC H3o6peji panno? 

IV. noABe^emie HToroB ypoKa 
^OMauiHee la/ranne 

n. 51. 


AonojiHHTejibHbiii MaTepnaji 

PyccKO-anoHCKaH BOHHa crana MecTOM OoeBoro npHMeHenHA paAHOCBA3H. B 
I^ycHMCKOM cpajKeHHH y anoHueB CBA3b 6tuia HaMHoro 3(}>4>eKTHBHee. A CTajio 
6 utl, 3(|)4)eKTHBHee 6 hjio ynpaBjuiTb OoeBbiMH K0pa6AAMH. PyccKHe a<e ripaKTH- 
HecKH noTepBJiw CB*3b b 6ok>, hto npHBejio k noTepe ynpaBJieHHB h HHHUHaTHBbi. 
B pe3yjibTaTe jhiohckhh ([jaot oxpyxcHA acKa^py Pocchh, paccTpejuui hbluh ko- 
pa6jin nooAHHOHKe, h cpaaceHHe 3aK0HHHA0Cb pa3rpOMOM poccHHCKoro (JmoTa. 

Pa^HOCB«3b B 3TOM Cpa>tceHHH pyCCKHMH nOHTH He HCn0Jlb30B2LnaCb H3-3a He- 
AOOueHKH ee pojiH KOMaHAOBaHneM, hto CTajio npHHHHOH Hecjia^KeHHbix AencT- 
bhh KOpa6jieH. PaancTbi pyccKHx Kopa6aeH nepeA bxoaom b L^chmckhh npojiHB 
npocjiyiuHBaJTH pa6oTy snoHCKHx Kopa6ejibHbix paAHOCTaHUHH h MorjiH cbohmh 
nepe,aaTHHKaMH noMemaTb eft, ho KOMaHayiomHH (Jjaotom a^MHpaJi 3.n. Pohcac- 
CTBeHCKHH He paapeuiHA 3Toro CAeJiaTb. LtycHMCKoe Mopcxoe cpajxeHHe, c oahoh 
cTopoHbi, yKa3aJio Ha ocTpyfo HeoOxoAHMocTb paAHOCB«3H aa* ynpaBJieHHB 6oe- 
BbJMH AGHCTBHBMH Ha MOpe, C Apyrofi CTOpOHbl, npOHJTJHOCTpHpOBaJIO HenOHH- 
MaHHe KOMaHAOBaHneM poan pa^Ho h HeyMeHHe hm n0Ab30BaTbC*b Pa3rpoM pyc- 
CKoro (J>aoTa npeaonpeAeAHA nopaaceHHe Pocchh b PyccKo-anoHCKon BOHHe, Oh 
noKa3ajr, hto Tex hh tea onpeAeaneT TaKTHKy b bochhom Aene, 


IIpOTHBHHKH 

Pocchh 

flflOHHH 

Eoeebie xopad/iu 

30 

131 

EmHi 

228 


Csn3b 


B OCHOBHOM, 
paAHOCBB3b 


PacnpocTpaHeHHe paAHOBOJiH 

CaMbifi npocToil CAynan - 3T0 pacnpocTpaHeHne pbahoboahsi b cbo6oahom 
npocTpaHCTBe . Y> Ke Ha He6oAbwoM paccTOAHHH ot paAHonepeAaTHHxa ero momc- 
HO CHHTaTb TOHKOH. A eCAH TaK, TO (J>pOHT paAHOBOAHbl MOXCHO CHHTBTb C$epH- 
HeCKHM, EcAH MbI IipOBeACM MbICAeHHO HeCKOAbKO C({)ep, OKpyACaiOmHX paAHO- 
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nepeaarHHK, to CTaHeT hcho, hto npw OTcyTCTBHH norjiomenHfl 3Hepn«, npoxo- 
aamaa nepe3 ccjjepbi, 6yaer ocTaBaTbca Hen3MeHHofi. Hy, a noBepxHOCTb c^epu 
nponopuHOHajibHa xsaapaTy paanyca. 3hbhht, HHTeHCHBHocTb BOJiHbi, t. e. 
SHepraa, npHXOA«maflCH Ha e^HHHuy ruiomaan b eaHHHixy BpeMeHH, 6yaeT na- 
aaTb no Mepe y^aj^eHHB ot HCTOHHHxa o6paTHo nporropuHOHajibHO KBaapaTy 
paCCTOBHHB. 

Kohchho, 3TO BaacHoe npaBHjio npHMeHHMo b tom cjiynae, ecan He npHHBTbj 
cneuwanbHbie Mepbi ana Toro, hto6m co3aaTb y3KOHanpaBjieHHbiH noTox paano- 

BOJIH. 

CymecTByiOT pa3JiHHHbie TexHHnecxne npweMbi a jih co3aaHHfl HanpaBJieHHbix 
paanojiynen. O^hh H3 cnoco6oB peuieHHfl stoh 3aaanw coctoht b HCnojib30Ba- 
HHH npaBHJlbHOH peUieTKH aHTeHH. AHTeHHbl ^OJDKHbl 6bITb pacnojioaceHbi TaK, 
hto6m nocbuiaeMue hmh bojihh OTnpaBjiajiHCb b HyacHOM HanpaBJieHHH «rop6 k 
rop6y». JXna 3toh ace LjejiH Hcnojib3yK>TC« 3epxana pa3HOH (jjopMbi. 

PaaHOBOJiHbi, nyTemecTByiomHe b xocMOce, 6yayT OTxjiOH»Tbca ot np«MO- 
jiHHeHHoro HanpaBiieHHB - OTpaacaTbCfl, pacceHBaTbca, npej70MJiflTbC« - b tom 
cjiynae, ecun Ha hx nyTH BCTpernTCJi npenflTCTBHfl, C0H3MepHMbie c anHHOH boji- 
hw h aaace HecKOJibKo MeHbuiHe. 

HaH6ojibiiiHH HHTepec npeacTaBjiaeT mw Hac riOBeaeHHe bojih, Haymnx 
b6jih3h k 3eMHOH noBepxHocTH. B xaacaoM OT^ejibHOM cjiynae xapTHHa MoaceT 
6bITb BeCbMa CBOeo6pa3HOH, B 3aBHCHMOCTH OT TOrO, KaKOBa AJIHHa BOJiHbi. 

Kap^HHanbHyio pojib wrpaiOT ajiexrpHHecKHe CBOHCTBa 3eMJiH h aTMoccfrepbi. 
Ecjih noBepxHOCTb cnoco6na ripOBoaHTb tok, to OHa He OTnycxaeT ot ce6a pa- 
^HOBOJIHbL 3jieKTpHHeCKHe CHJIOBbie JIHHHH 3JieXTpOMarHHTHOrO nOJIB nOAXO^BT 
k Meraiuiy (iiinpe - k jno6oMy npOBoaHHxy) noa npBMbiM ymoM. 

Tenepb npeacTaBbTe ce6e, hto paaHonepeaana npoHexoaHT b6jih3H Mopcxon 
noBepxHocTH. Mopcxaa Boaa coaepacHT pacTBopeHHbie cojih, t. e. bbjtbctcb 
3JieKTpOJIHTOM * MopCXafl BOfla - npeBOCXO^HblH npOBO,UHHK TOKa. ri03TOMy OHa 
«aepacHT» pa^HOBOJiHy, 3acTaBJiaeT ee aBHraTbca Baojib noBepxHocTH Mopa. 

Ho h paBHHHHas, a Tax ace jiecHCTaa mccthocth bbjibiotcb xopoumMH npo- 
BO^HHXaMH AJIR TOXOB He CJ1HIHK0M BbICOXOfi HaCTOTbl. HHbIMH CJIOBaMH, AJ 1 B 
.zuiHHHbix bojth nee h paBHHHa BeayT ce6« xax MeTajur. 

Ilo3TOMy AJiHHHbie BOJiHbi yaepacHBaiOTca Been 3Cmhoh noBepxHOCTbio h 
cnoco6Hbi o6orHyTb 3eMHofi map. KcTaTH roBopa, 3thm cnoco6oM moikho onpe- 
ae/iHTb cxopocTb paanoBOJiH. PaanOTexHHxaM h3bcctho, hto Ha to, hto6m 060- 
rHyTb 3eMHOH map, paaHOBOJma 3aTpanHBaeT 0.13 c. A xax ace ropbi? Hy hto ace, 
flJIB J^IHHHblX BOJIH OHH He CTOJIb yaC BblCOXH, H pa^HOBOJIHa AJIHHOH B XH^OMeTp 
6oj7ee hj7h Mewee cnocoOHa o6orHyTb ropy. 

Hto ace xacaeTca xopOTxwx bojih, to B03MoacHOCTb ^ajibHero pa^wonpHeMa 
Ha 3tmx BOJinax o6fl3aHa HanHHHio Ha^ 3eMJieH HOHOC<j>epbi. CojiHeHHbie Jiynw 
o6jia^aK)T cnoco6HOCTbio pa3pymaTb Monexyjibi B03Ayxa b BepxHHx oSnacTAX 
aTMOc<J)epbi. MoJiexyjibi npeBpamaioTca b hohh h Ha paccTOBHHH 100-300 km ot 
3ewjiH o6pa3yioT Hecxojibxo 3apsaceHHbix cjioeB. Tax hto ana kopotkhx bojih 
npOCTpaHCTBO, B KOTOpOM flBHaceTCfl BOJIHa, - 3TO CJIOH flH3JieKTpHKa, 3aacaToro 
Meac^y aeyMa npoBOaamHMH nOBepxHOCTAMH. 

nocxojibxy paBHHHHaa h jiecHCTaa noBepxHocTH He BBjunoTca xopouiHMH 
npoBoaHHxaMH an« kopotkhx bojih, to ohh He cnocoOHbi hx yaepacaTb. KopoT- 
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Kne BOJiHbi OTnpaBjiwioTCfl b cBo6oAHoe nyTemecTBHe, ho HaTbiKaioTca Ha hoho- 
c(J>epy, OTpaacaiomyio hx, xax noBepxHOCTb MeTaAAa. 

HOHH3aUH5I HOHOC(J)epbT He OAHOpOAHa H, KOHeHHO, pa3JlHHHa AHeM H HOHbfO- 
no OTOMy nyTH KOpOTKHX paAHOBOJIH MOryr 6bITb CaMbIMH pa3AHHHbIMH. Ohh 
MoryT AoSpaTbca ao Baiuero paAHonpweMHHKa h riocAe MHoroKpaTHbix OTpax<e- 
hhh c 3eMAew h H0H0C(J)ep0H. CyAb6a kopotkoh boahw 3aBHCHT ot Toro, noA 
xaKHM yrAOM nonaAaeT OHa Ha HOHOC(J)epHbiH caoh. Ecah 3tot yroA 6 ah30k k 
npflMOMy, to OTpaaceHHe He npoH30HAeT h boa Ha yHACT b MHpoBoe npocTpaHCT- 
bo. Ho name HMeeT MecTO noAHoe OTpa>KeHHe h BOAHa B03BpamaeTCA Ha 3eMAio. 

/Xaa yAbTpaxopoTKHX boah HOHoc(J>epa npo3panHa. noaTOMy Ha 3 thx AAHHax 
boah B03M0>iceH paAHonpneM b npeAeaax np«MOH bhahmocth hah c noMombio 
enyTHHKOB. HanpaBAAA BOAHy Ha enyTHHK, MbI MOXCCM AOBHTb OTpaXCeHHbie ot 
H ero cnrHaAbi Ha orpoMHbix paccTOAHHflx. 

CnyTHHKH OTKpblAH HOByiO 3nOXy B TeXHHKe paAHOCBA3H, o6eCneHHB B03- 
MO)KHOCTb paAHonpHeMa h TeAeBH3HOHHoro npneMa Ha yAbTpaxopoTKHx BOAHax, 

HHTepecHbie bo3mo>khocth npeAOCTaBAaeT nepeAana Ha caHTHMeTpOBbix, mha- 
AHMeTpOBbIX H Cy6MHAAHMeTpOBbIX BOAH3X. BOAHbl 3TOH AAHHbl MOryT IlOrAO- 
maTbCA aTMOC(j)epoH. Ho, OKa3biBaeTCA, HMenyrcfl «0KHa», h, noAo6paB HyxcHbiM 
o6pa30M An^Hy boahh, mo>kho HcnoAb30BaTb boahbi, 3aAe3aK>mwe b oriTHnecKHH 
AHana30H. Hy, a AOCTOHHCTBa othx boah HaM H3BecTHbi: b mbabih boahoboh hh- 
TepBaA moxcho «BAO)KHTb» orpoMHoe hhcao HenepexpbiBaiomHxcfl nepeAan. 

C yneTOM oco6eHHocTen pacnpocTpaHeHHfl, reHepaijHH h (othbcth) H3Ayne- 
hha Becb Awana30H paAHOBOAH npHHATO ACAHTb Ha p»A MeHbiiiHx AHana30H0B: 

CBepXAAHHHbie BOAHbl, AAHHHbie BOAHbl, CpeAHHe BOAHbl, KOpOTKHe BOAHbl, MeT- 
pOBbie BOAHbl, AeUHMeTpOBbie BOAHbl, CaHTHMeTpOBbie BOAHbl, MHAAHMeTpOBbie 
BOAHbl h cy6MHAAHMeTpOBbie BOAHbl (Ta6A. 1). JJeAeHHe paAHonacTOT Ha AHana- 
30HbI B paAHOCBA3H yCTaHOBAeHO MeACAy HapOAHbIM perAaMeHTOM paAHOCBA3H 
(Ta6A. 2). Bee 3TO 0(J)HUHaAbHbie, hctko OTrpaHHneHHbie ynacTKH cneKTpa. 

B TO MCe BpeMA TepMHH «AHana30H» B 3aBHCHMOCTH OT KOHTeKCTa MOACeT 
npHMeHATbCA aaa o6o3HaneHHfl Kaxoro-To npoH3BOAbHoro ynacTKa paAHo- 
BOAH/paAHOHaCTOT (HanpHMep, «Aio6HTeAbCKHH AHana30H», «AHana30H noABH>K- 
hoh cba3h», «AHana30H low band», «AHana30H 2,4 rru» h t. n.). 

Tadjiutfa 1 


^ejieHne ecero Anana30Ha paanoBoan Ha MeHbiune nnana30Hbi 


Haibaime noAAHana3ona 

J^AHHa 
BOAHbl, M 

HacTOTa KOAeSaHHH, 
Tn 

CBepXAJIHHHbie BOAHbl, M 

BoAee 10 4 


/I/IHHHbie BOAHbl, M 

10 4 -10 3 

■KSESSQMii 

CpeAHHe BOAHbl, M 

10-10 2 


KopOTKHe BOAHbl, M 

10 2 -10 


MeTpOBbie BOAHbl, M 

10-1 


/JeuHMeTpoBbie boahw, am 

1-0,1 

3-10 8 — 3*10'° 

CaHTHMeTpOBbie BOAHbl, cm 

1 

o 

f 

o 

3-10 10 -3-10 n 

MHAAHMeTpOBbie BOAHbl, MM 

0,01-0,001 

3 - 1 0 " —3 - 1 0 1 2 

Cy6MHAAHMeTpOBbie BOAHbl, MM 

10 +3 -5-10 +s 
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Takuya 2.1 

J],Hana30H pauHonacTOT 


HaHMeuoBaHHe 

AHana3ona 

rpaHHUbi 

AHana30HOB 

OCHOBHOH TepMHH 

iiapajuie.ii.iibiH 

1 -h Anana30H nacTOT 

mrnmmmmm 

3-30 Tu 

2 -h ^nana30H nacTOT 


30-300 Tn 

3-h ;*Hana30H nacTOT 


0,3-3 KTu 

4-h ^Hana30H nacTOT 

OneHb HH 3 KH£ OHM 

13-30 KTq 

5-ii /mana30H nacTOT 

HH 3 KHe HaCTOTU HM 

30-300 KTu 

6-il uHana30H nacTOT 

Cpe^HHe nacTOTw CM 

WKEEESm 

7-h /iHana30H nacTOT 

BucoKHe nacTOTbi BM 

^KSndSHi 

8 -h AHana30H nacTOT 

OneHb BbicoKHe OBM 

30-300 Mru 

9-h ^nana30H HacTcrr 


0,3-3 rTu 

1 0-h ^Hana30H nacroT 


3-30 ITu 



30-300 rTu 

1 2-h ^Hana30H uacTOT 


0,3-3 ITu 


AHana30H pauHOBOjiH 


IlaHMeiiOBaiiHe 


AHana30Ha 




OCHOBHOH TCpMHH 


1 -h AHanaiOH nacTOT 


2-h ^Hana30H nacTOT 


3-h ^wana30H nacTOT 


4-h ^Hana3QH nacTOT 


5-ii ^Hana30H nacTOT 


6-h ^nana30H nacTOT 


sunmiFiBTigmMHB 


8-h AHana3QH nacTOT 
1 9-h ;;Hana 3 Qii nacTOT 


j 0 -h uHana3QH nacTor 
1 1-h AHana30H nacTOT 
I 2-h ,aHana30H nacroT 


napajuiejibHUH 



Khjiom 


TeKTOMt ?oBwe 



CaHTHMeTf 
MltHJIHMCTq 
neUHMHJUIHMeTOOBbie 


Ta6jiuya 2.2 


rpaHHUbi 

4Hana30H0B 


100-10 MM 


10-1 MM 


1000-100 KM 


1-0,1 KM 


100-10 M 


10-1 M 


1-0,1 M 


10-1 CM 


10-1 MM 


1-0,1 MM 
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ypOK 55. npHHUHn pa^HOCBH3H 

IJejib: noKa3aTL npaKTHHecKoe npHMeHeHHe 3JieKTpoMarHHTHLix 
BOJIH. 


Xo n ypoica 

I. OpraHH3aUH0HHbIH MOMeHT 

II. IIOBTOpeHHe 

- OnmiiHTe ycTpOHCTBo h npHHUHn ueHCTBHfl BnSpaTOpa Tepua. 

- C noMomLK) nero Tepu perHCTpnpoBaji 3JieKTpoMarHHTHbie boji- 

Hbl? 

- ^eMy paBHa cKopocTh 3JieKTpoMarHHTHLix bojih b BaxyyMe? 3aBH- 
CHT JIH OHa OT CHCTeMBI OTCHeTa? 

- HeM OTJiHHaioTCfl 3JieKTpoMarHHTHbie bojihli ot ynpyrnx? 

- IIou kbkhm yrjiOM upyr k ;ipyry HanpaBJieHM b ajieKTpoMarHHTHOH 
BOJIHe BeKTOpbl E h B ? 

- ^TO TaKOe HHTeHCHBHOCTb BOJIHLI? 

- Kaxaa H3 xapaKTepncTHK bojihli He MeHaeTca npn ee nepexoue H3 
ouhoh cpeubi b upyryio? 

III. H3yHeHHe Hoeoro ivfarepnajia 

JJ?k. MaKCBejui TeopeTHHecKH noKa3aji bo3mo»choctl cymecTBOBaHHa 
3JieKTpOMaTHHTHLIX BOJIH. 

r. Tepu b 1888 r. 3KcnepHMeHTajiLHO uoKa3an cymecTBOBaHHe ajiex- 
TpOMaTHHTHLIX BOJIH. 

7 Maa 1859 r. A.C. IIonoB npo/ieMOHCTpHpoBaJi npn6op Ha 3 aceua- 
HHH PyCCKOrO $H 3 HKO-XHMHHeCKOro 06 lUeCTBa. /JaJILHOCTL - 250 M. 

1899 r. - 20 km; 1901 r. - 150 km. 

npHHUHn paAHOTejie<i>OHHOH CBH3H 



Puc. 47 
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Puc. 48 

CTpyKiypHaa cxeMa pa/nionepeAaTHHKa h paanonpHeMHHKa: 

1. Ba^aiomHH reHepaTOp (reHepaTop bmcokoh nacTOTbi) Bbipa6aTbi- 
BaeT rapMOHHqecKHe KoneOaHHji bmcokoh qacxoTbi BB (Hecymaa nacTO- 
Ta 6oaee 100 te»ic. Tu). 

2. Mhkpo(J)oh npeo6pa30BbiBaeT MexaHHHecKHe 3ByKOBbie KOJieOaHHH 
B 3JieKTpHHeCKHe TOH HCe HaCTOTBI. 

3. MoAyJiHTop n3MeH5ieT (MO^yjiHpyeT) no nacTOTe hjih aMnnHTyae 
BblCOKOHaCTOTHbie KOJie6aHHfl c nOMOIIJbK) 3JICKTpHHeCKHX KOJieOaHHH 
HH3KOH HaCTOTbl Wi. 

4. y CHJIHTeJlH BbICOKOH H HH3KOH HaCTOTbl YBH H YHH yCHJIHBaiOT 
no MOmHOCTH BbICOKOHaCTOTHbie H HH3KOHaCTOTHbie 3JieKTpHHeCKHe KO- 
jie6aHHa. 

5. nepe/jajomafl aHTeHHa H3JiynaeT Mo^yjinpoBaHHbie ojieKTpoMarHHT- 
Hbie BOJlHbL 

6. ripneMHaH aHTeHHa npHHHMaeT sjieiapoMarHHTHbie bojihbi. 3neK- 
TpOMarHHTHaa BOjiHa, /jocTHraa npneMHOH aHTeHHbi, HH^yunpyeT b Hew 
nepeMeHHbifi tok toh ace nacTOTbi, Ha KOTopofi pa6oTaeT nepe^amnK. 

7. YBH. 

8. fleTeKTop BbiAenaeT H3 MoayjmpoBaHHbix BbicoKoqacTOTHbix ko- 
JieOaHHH HH3KOHaCTOTHbie KOJieGaHHH. 

9. YHH. 

10. /JwHaMHK npeo6pa3yeT 3JieKTpoMarHHTHbie KOJieOaHHJi b MexaHH- 
qecKHe 3ByKOBbie KOJieOaHHfl. 
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PaAHOnpHeMUHK 



flereicropHWH pamHonpne mh hk coctoht H3 KOjie6axejibHoro Kornypa, 
aHreHHU, ^ereirropa (a HOA a), KOHAeHcaTopa iioctojihhoh cmkocth, tc- 
jie<t>OHa. 

B KOHType npHHHTas BOJiHa B036yacaaer MOAyJiHpoBaHHbic K0Jie6a- 
hhh. Kon^eiicaTop nepeMeHHOH cmkocth HacrpaHBaex Komyp Ha pe 30 - 
HaHC c npmurroH pajiHOBOiiHOH. MoAyJiHpoBaHHbie KOJie6aHHa BH no- 
crynaioT Ha AereKTOpHUH Kactcajx. riocjie npoxo^eHHJi ^ereicropa co- 
craBJDUoiuax TOKa BM mact nepe3 KOH^eHcaxop nocroxHHOH cmkocth, a 
cocraBJunomaa TOKa HH hact Ha o6motkh KaTyuieK Tejie<{)OHa, Bbi 3 bi- 
BaioujHH KOJiefiaiiHa MCM6pam>i c toh ace 3ByKOBOH nacTOTOH. 

IV. 3aKpenjieHHe Marepnajia 

- Mto Ha3bIBaK)T pa^HOCBJObK)? 

- Haqeprare 6jiOK-cxcMy pa^Honepe/iaTHHKa h o6'b»CHHTe Ha3Hawe- 
hhc Ka^tgioro 6jiOKa. 

- HanepTHTe 6jioK-cxeMy paAHonpHCMHHKa h o&bxcHHTe Ha3Hane- 
HHe KaacAOro Gjioxa. 

- Hto Ha 3 biBaiOT Mo^yjiauHCH? Karae sham moaybjihhh bu 3 HaeTe? 

- Mto Ha 3 biBaioT AercKTHpoBaHHCM? 

- HaqepTHTe cxeMy /lereKropHoro npucMHHica, onnuiHre ero ycr- 
pOHCTBO H npHHimn pafiOTbl. 

V. IIpOBCfleHHe npaKTHiecicoH pafioru 

C6opica npocreifuiero pa^HonpHCMHHKa 

3 adanue: cofiepwre pa^HonpHeMHHK H3 6 jiokob KOJieSaTCJibHoro 
KOHTypa, AeTeirropa, ycHJiHTejw hh3koh nacroTbi h Tejie4>OHa. Ilo H3- 
BCCTHblM 3 HaHeHHBM HHAyiCTHBHOCTH KaTyUlKH H 3JICKTpOCMKOCTH KOH- 
AeHcaropa KOAefianejibHoro Komypa onpeAejiirre nacrory, Ha KOTopow 
pa6oracr ncpeAaiomax paAHocraHuiui. 
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Odopydoeanue : Ha6op 6jiokob rjih c6opKH TpaH3ncTopHoro paano- 
npHeMHHKa. 


Xoa paooTbi 

1 . Co6epHTe aewcTByiomyK) moacab no cxeMe* 



ITo/iKjiioHHTe k KOJie6aTeai»HOMy KOHTypy aHTeHHy. K ycHJiHTejno 

HH3KOH MaCTOTbl nO^KJIIOHHTe HCTOHHHK HHTaHHJL 

2. BpamenneM pyHKH H3MeH»HTe cmkoctb nepeMeHHoro KOHaeHcaTopa 
AO HacTpoHKH b pe30HaHC c nacTOTon nepeaaiomeH paanocTaHunH. Onpe- 
AeAHTe 3AeKTpoeMKOCTi> KOHAeHcaTopa C. no HanaeHHOMy 3HaneHHio 

3AeEOpOeMKOCTH H H3BCCTHOMy 3HaHCHHK) HHAyKTHBHOCTH KaTyiHKH On- 
peAeAHTe nacTOTy, Ha kotopoh paGoTaeT nepeaaiomatf paanocTaHUHfl. 

3. rioAKAiOHaA YB 1 ! ncnoni>3yHTe ero bahahhc Ha KanecTBO pOTopa 

npHCMHHKa. 

VI. IIoABeAeHHe HToroe ypona 

JJoMauiHee 3aaaHHC 

n. 52; 

P - 989; P - 990. 


JJonojiHHTejibHbm MaTepnaA 

Hctomhhkh 

Paduouwy venue Coimpcu 3aperHCTpnpoBaHo paAH0H3.ny4eHne CojiHua c 
AJ1HHOH BOJTHbl OT HeCKOJTbKHX MH/UTHMCTpOB J3.0 30 M. Oco6eHHO CWIbUO M3J}yveHMe 
b MeTpoBOM AMana30He; oho poxcaaeTca b BepxHHX cjiohx aTMOc^epw CojiHua, b 
ero KopoHe, rae reMnepaTypa nopflAKa 1 muh K. KopoTKOBOJiHOBoe n3JTyneHHe 
CojiHqa oTHOCHTeabHO cjia6o: oho bmxoaht H3 xpOMoc^epu, pacnoJio>KeHHOH Haa 
bhahmoh noBepxHOCTbio CojiHua - (jjoToc^epoH. 

rajiaxmimecKue paduoucmovHUKU . Yace nepBbie Ha 6 jnoaeHHB V. PeGepa 
noKa 3 aaH, hto paanoH 3 jiyHeHHe MjieHHoro nyTH hcoahopoaho - oho CH/TbHee b 
H anpaBJieHHH ueHTpa TajiaKTHKH. ^ajibHenuiHe HccJieaoBaHufl noaTBepamiH, hto 
OCHOBH bie HCT 04 HHKH paAHOBOJIH OTHOCHTCJlbHO KOMfiaKTHbi; HX Ha3blBaiOT TO- 
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MeMHblMH HJIH flHCXpeTHbIMH. 3aperHCTpHpOBaHbI y)Ke flecaTKH TblCflH TaKHX 
HCTOHHHXOB. 

XtejiyneHHe kocmhhcckhx paflHOHCTOHHHXOB 6biBaeT jxayx thiiob: TenjiOBoe h 
HeTenjToeoe (o6biHHO CHHxpoTpoHHoe). TenjiOBoe H3JiyMeHHe poacqaeTca b ropa- 
neM ra3e ot cjiynaHHoro (TennoBoro) flB'HaceHHa 3apa;«eHHbix nacTHi; - anexTpo- 
HOB H npOTOHOB. ErO HHTeHCHBHOCTb B WHpOKOM AHana30He CneKTpa nOHTH 
nocTcmHHa, ho Ha ajihhhmx BOJiHax OHa 6biCTpo yMeHbiuaeTca. Taxoe H3JiyneHHe 
xapaicrepHO ana 3mhcchohhbix TyMaHHOCTen. OcrrajibHbie hctohhhkh HMeioT 
HeTenjiOBoe H3JiyHeHHe, HHTeHCHBHOCTb KOToporo pacTeT c yBejiHHeHHeM anHHbi 
BOJIHbl. B 3THX HCTOHHHX3X H3JiyHeHHe B03HHKaCT npH flBHHCeHHH OHCHb 6bICT- 
pblX 3JlCKTpOHOB B MarHHTHOM nOJie. CKOpOCTH 3JieXTpOHOB 6J1H3KH K CKOpOCTH 
CBeTa, h 3to He MoxceT 6biTb cae^cTBHeM npocToro TennoBoro ^BH5xeHHa. JJna 
pa3roHa 3jieKTpoHOB ,ao tbxhx cxopocTen b Jia6opaTOpHH Hcnojib3yiOT cneuH- 
ajtbHbie ycKOpwrejiH - cHHxpoTpoHw. Kax 3to npoHCxo^HT b ecTecTBeHHbix yc- 
JIOBHHX He COBCeM aCHO. CHHXpOTpOHHOe H3JiyHeHHe CHJIbHO nOJiapH30BaHO. 3to 
no3BOJiaeT o6HapyacHBaTb ero b xocMHnecxnx HCTOHHHxax h no HanpaBJieHHio 
noJiapH3auHH onpe^ejiaTb opneHTauHio hx MarHHTHoro nojia. TaxHM MemaoM 
HCCJiejioBaHbi Meac3Be3;jHbie MarHHTHbie nona b Haiuen h coce^HHx ranaxTHxax. 

OflHHM H3 BaiXHeHiiiHx ^ocTHxceHHH pa^HoacTpOHOMHH cTano oTxpbiTHe ax- 
thbhmx npoueccoB b a^pax ranaxTHX. Pa t aHOHa6jno,aeHHa yxa3biBann Ha 3TO eme 
b 1950-e ro^bi, ho oxoHnaTejibHoe no^TBepacaeHHe noaBHJiocb b 1962 r., xor,aa c 
nOMOinbio 5-MeTpOBoro onTHHecxoro Tejiecxona o6cepBaropHH MayHT-rianoMap 
(CIXIA) 6buiH He3aBHCHMO o6HapyaceHbi 6ypHbie npoueccbi b a/jpe ranaxTHXH 
M 82. 

J^pyrHM BaacHeniiiHM OTxpbiTHeM pajiHoacTpoHOMHH CHHTaioTca XBa3apbi - 
oneHb ^anexHe h axTHBHbie BHerajiaxTHnecxHe o6bexTbi. BHawane ohh xa3anHCb 
pa^OBbrMH TOHeHHbIMH HCTOHHHXaMH. 3aTeM HeXOTOpbie H3 HHX 6bIJlH OTO^eCT- 
BJieHbi co cjra6biMH 3 Be 3 ,z*aMH (oTcio^a Ha3BaHHe «XBa3ap» - xBa3H3Be3,nHbiH 
pa^HOHCTOHHHx). .ZJonjiepoBcxoe ciuemeHHe jihhhh b hx onTHnecxHX cnexTpax 
yxa3bmaeT Ha to, hto xBa3apbi yflanaioTca ot Hac co cxopocTbio, 6jih3xoh x cxo- 
pocTH CBeTa h, b cooTBeTCTBHH c 3axoHOM Xa66na, paccToaHna ^o hhx cocTaB- 
jraioT MHJijiHapAbi CBeTOBbix jieT. HaxoAacb Ha Taxnx rHraHTCXHx paccToaHHax, 
OHH 3aMeTHbI JIHLUb nOTOMy, HTO H3JiynaK)T C OrpOMHOH MOmHOCTbK) - nopa^xa 
10 41 Bt. 3to 3HaHHTejibHO 6onbiue moiuhocth H3JiyneHHa uejion ranaxTHXH, xoTa 
pa3Mep o6jiacTH reHepauHH 3Heprnn y xBa3apOB cymecTBeHHO MeHbiiie pa3Mepa 
ranaxTHx h nopofi He npeBOcxo^HT pa3Mepa Cojihchhoh CHCTeMbi. 3ara£xa XBa- 
3apOB £0 chx nop He pacxpwTa. 

OmoMcdecmejienue ucmoHumoe. 3Be3^bi - cjiaSbie hctohhhxh pa^HOBOJiH. 
,/Jojiroe BpeMa c^hhctbchhoh 3Be3AOH Ha «pa,aHOHe6e» 6buro CojiHue, h to jiHiiib 
6jraro,aapa ero 6jih30cth. Ho b 1970-x ro^ax P. XeJiMHHr h K. Y3h^ H3 Hauwo- 
HanbHOH pa,aHoacTpoHOMHHecxoH o6cepBaTOpHH CIXIA oTxpbuiH paaH0H3JiyHe- 
HHe ot ra30Bbix o6ojionex, c6pomeHHbix Hoboh ^ejibtJwHa 1967 h Hoboh 3mch 
1970. 3aTeM ohh o6HapyxcHJiH pa^HOH3JiyHeHHe xpaCHoro CBepxrHraHTa AHTape- 
ca h peHTreHOBcxoro HCTOHHHxa b CxopnnoHe. 

B. Eaazje h P. Mhhxobcxhh H3 o6cepBaTopHH MayHT-BHJicoH h MayHT- 
IlajiOMap (CLUA) otoxcacctbhjih MHorne apxne paAHOHCTOHHHXH c onTHHecxHMH 
o6i»exTaMH. HanpHMep, apHanuiHH hctohhhx b He6e^e oxa3anca CBa3aH c oneHb 
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AajieKOH h cjia6oH ranaKTHKOH hcoGumhoh 4>opMbi, CTaBiuen npOTOTHnoM pa- 
AHOraJiaKTHK. MomHblH pa^HOHCTOHHHK B TeilbUe OHH OTCOKAeCTBHJIH C OCTaT- 
KOM B3pbIBa CBepXHOBOH 3BC3,abl, OTMCHCHHOH B KHTaHCKOH JieTOHHCH 1054 T. 
MomHblH HCTOHHHK B KaCCHOnee TaK>Ke OKa3ajlC« OCTaTKOM CBepXHOBOH, 
BcnwxHyBmeH Bcero jieT 300 Ha3a^, ho hhxcm He 3aMeneHHOH. 

B 1967 r. 3. Xmohiu, Bejur h hx xojuierH H3 KeMSpHjpxa (Ahpjihb) ot- 
KpbuiH Heo6biHHbie nepeMeHHbie paaHOHCTOHHHKH - nyjibcapbi. H3JiyneHHe xaac- 
floro nyjibcapa npejiCTaBJiBeT CTporo nepno^HHecKyio noc;ie,aoBaTejibHOCTb hm- 
nyjibcoB; y oTKpbiTbix nyjibcapoB nepHOAti jieacaT b HHTepBajie ot 0,0016 c ao 
5,1 c. Mepe3 2 nxaa Y. Kokkh, M. /Jhchch h J\. Tewjiop o6Hapy)KHJiH, hto pajino- 
nyjibcap b KpaSoBHjjHOH TyMaHHocTH coBnajjaeT co cna6oH onTHHecKOH 3Be3- 
/ioh, KOTOpaa, xax h nyjibcap, H3MeHBeT cboio BpxocTb c nepHO^OM 1/30 c. Cpejw 
6ojiee 700 H3BecTHbix cennac nyjibcapoB eme mnbKo ojihh - b co3Be3^HH Flapy- 
cob (Vela) - aeMOHCTpHpyeT onTHHecKne BcnbiuiKH. BbiBCHHJiocb, hto <j)eHOMeH 
nyjibcapa CBjraaH c HeHTpOHHbiMH 3Be3,aaMH, o6pa30BaBiuHMHCB b pe3yjibTaTe 
rpaBHTauHOHHoro Kojuianca Bjjep MaccuBHbix 3Be3,a. Hmcb jwaMeTp okojto 15 km 
h Maccy xax y CojiHua, HeHTpoHHa* 3Be3/ia ObicTpo BpamaeTCB h xax m3bk ne- 
pHO^HHecKH «0CBeuuaeT» 3eMJiio. FloCTeneHHO CKOpocTb BpameHna nyjibcapa 
3aMe^njieTCJi, nepHO/i Me^y HMnyjibcaMH B03pacTaeT, a hx MomHocTb na^aeT. 
MHopaa HaSjuoAaiOTCH pe3KHe c6oh nepnojia, xopaa y hchtpohhoh 3Be3,abi npo- 
hcxoaht nepeCTpOHKa CTpyKTypbi, Ha3bmaeMa5i «3Be3^oTpaceHHeM». 

donoeoe u3JiyneHue . KpoMe OTOHcaecTBJieHHbix h HeoToxcjjecTBjreHHbix ^hc- 

KpeTHblX HCTOHHHKOB, Ha6jHOAaeTCB CyMMapHblH (j)OH OT MHJUTHOHOB JiajieKHX 
rajiaKTHK h o6jiaKOB MOK3Be3,nHoro ra3a Harnett rajiaxTHKH. C noBbiuieHneM 
HyBCTBHTejlbHOCTH H pa3peiHaiOLUeH Cnoeo6HOCTH pa^HOTejreCKOnOB H3 3T0r0 
(|)OHa yjiaeTCB BbmejiHTb Bee OoJibuie jincxpeTHbix hctohhhkob. 

Paduou3JiyneHue njianem. B 1956 r. K. Mettep H3 BoeHHO-Mopcxofi Jia6o- 
paTOpHH CLL1 A OTKpbui H3JiyHeHHe BeHepbi Ha bojihc 3 cm. B 1955 r. B. BypKe 
h K. OpaHKjiHH H3 HHCTHTyTa KapHerH b BauiHHrTOHe o6Hapy>KHjiH KopoTKne 
BcnuecKH pa^HOH3JiyHeHH« ot lOnHTepa Ha bojihc 13,5 m. JJajibHefimne Hccjie- 
jlOBaHHJi b ABCTpajiHH noKa3ajiH, hto BcnjiecKH H3JiyHeHH» ot fOnHTepa npn- 
xojibt b Te MOMeHTbi, xopua onpe,aeJieHHbie 30Hbi ero nOBepxHOCTH o6pameHbi 
k 3eMJie. B ^euHMeTpoBOM ^Hana30He KpoMe TenjioBoro H3JiyneHHB Ha6jno/ia- 
jiocb h CHHxpOTpoHHoe, hto yKa3biBajio Ha HajiHHHe y lOnHTepa moiuhofo Mar- 
HHTHoro nojiB, KOTOpoe no3>Ke 6biJio .aettcTBHTeJibHO o6Hapy)xeHo kocmhhc- 
CKHMH 30HJiaMH. 

Pa^HOJioKauHOHHbie HccjiejjOBaHH b njiaHeT no3BOJiBK)T tohho onpeAeJiBTb hx 
paCCTOBHHe OT 3eMJlH, CKOpOCTb HX CyTOHHOrO BpameHHB H CBOHCTBa nOBepXHO- 
cth. PajiHOJiOKauHB BeHepbi no3BOJiHjia H3yHHTb TonorpatjiHio ee noBepxHocTH, 
3aKpbITOH OT OnTHHeCKHX TeJieCKOnOB njlOTHbIM o6jiaHHbIM CJTOeM. 

Huiyuetuie eodopoda, HettTpa/ibHbitt aTOMapHbin BO^opoA, bo3mohcho ca- 
muh pacnpocTpaHeHHbiH ajieMeHT b Me>K3Be3jiHOM npocTpaHCTBe. Oh cnocoSeH 
H3JiynaTb pa^HOBHHHio c juthhoh BOJiHbi 21 cm, KOTopaB 6buia npe,acKa3aHa b 
1944 r. HH/iepjiaHjicKHM TeopeTHKOM X. BaH j\e Xiobctohom h o6Hapy>xeHa b 
1951 r. X. 1O3H0M h 3. FlapcejioM H3 TapBapjjCKoro yHHBepcHTeTa (CLUA). Cy- 
mecTBOBaHne y3KOH jihhhh b pa^no^Hana30He OKa3ajiocb oneHb nojie3HbiM: H3- 
MepBB ee aonjiepoBCKoe CMemeHHe, mobcho oneHb tohho onpe^ejiBTb jiyneByio 
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CKopocTb Ha6jiiOAaeMoro oGjiaxa ra3a. npw 3tom npHeMHaa annapaTypa pa^no- 
TenecKona cxaHHpyeT HexoTOpbiH AHana30H aahh bojth b panOHe ahhhh 21 cm h 
oTMenaeT riHKH H3JiyHeHHa. KaacAbiH TaKoft iihk - 3to jihhhh H3JiyHeHHH Boaopo- 
Aa, CMemeHHan no nacTOTe H3-3a ^bhjkchhh OAHoro H3 oGnaKOB, nonaBiunx b 
nojie 3peHHH aHTeHHbi Tenecxona. 

Okojio 5 % BOAOpoAa b TajiaKTHKe BCJieACTBHe bwcokoh TeMnepaTypbi Haxo- 

flHTCH B H0HH30BaHH0M COCTOHHHH. Kor^a CBOGoAHbie SJieKTpOHbl npOJTCTaiOT 
B6J1H3H nOJIOJKHTeJIbHO 3apJOKeHHbIX HAep BOAOpOAa - npOTOHOB, OHH HCnblTbl- 
BatoT npHTjoKeHHe, AanxcyTCH ycKopeHHo h npn otom H3AynaiOT 3JiexTpOMarHHT- 
Hbie KBaHTbi. MHorAa, noTepHB aHeprwio, 3JieKTpoH 0Ka3biBaeTc« 3axBaqeHHbiM 
Ha oahh H3 BepxHHx ypOBHen aTOMa (t. e. nponcxoAHT peKOM6HHauH«). Cnycxa- 
HCb 3aTeM KaexaAHO Ha yCTOHHHBblH HHJKHHH ypOBeHb, 3AeKTpOH TaKHCe H3AyHaeT 
KBaHTbi 3HeprHH. TaKoe H3nyneHHe cboGoahmx h peKOMGnHHpyiomHx 3AeKTpo- 
hob HaSAFOAaeTCH b paAH0AHana30He ot 3mhccmohhbix TyMaHHocTen h no3Bona- 
eT o6Hapy)KHBaTb hx Aaace b Tex cnynaHX, KorAa onTHHecKoe H3nyneHHe He mo- 
aceT AocTHHb 3eMAH H3-3a norAomeHHJi b Me)K3Be3AHOH nbiAH. BAaroAapa 3TOMy 
paAHOaCTpOHOMbl CMOTAH o6Hapy>KHTb npaKTHHeCKH Bee 3MHCCHOHHbie TyMaH- 
HOCTH B faJiaKTHKe. 


ypoK 56. JIa6opaTopHan paSoTa no TeMe 
«C6opKa npocTeiluiero pazmonpneMHiiKa» 

Sadanue : coGepHTe paAHonpneMHHK H 3 6 aokob KOAe6aTeAbHoro 
KOHTypa, ACTeKTOpa, yCHAHTCAK HH3KOH HaCTOTbl H TeAe(J)OHa. no H3- 
BeCTHblM 3HaneHH5IM HHAe3HTHBHOCTH KaxyillKH H 3AeKTpoeMKOCTH KOH- 

AeHcaTopa KOAeGaTeAbHoro KOHTypa onpeAeAHTe HacTQxy, Ha kotopoh 
paGoTaeT nepeAaiomaH paAnocTaHuna. 

OdopydoeaHue : HaGop Gaokob aaa cGopKH TpaH3HCTopHoro paAHO- 
npneMHHKa. 

Xo a paGoTbi 

CoAep^canue h mctoa BbinoAHeHHH paGoTbi 

B npOBOAe aHTeHHbi paAHonpHeMHHKa oAeKTpOMarHHTHaa BOAHa bbi- 
3 bisaeT BbiHyacAeHHbie KOAeGaHHA 3AeKipoHOB. Jinn toto htoGbi CAyuiaTb 
paAHonepeAany toabko ot oahoh paAHOCTaHUHH, Hy>KHO BbiAeAHTb H3 
Bcex cHTHanoB KOAeGaHHA c oahoh H36paHHOH nacTOTOH. Ecah nacTOTbi 
nepeAaioiAHx cTaHijHH He oneHb Gah3kh, to 3to moxcho ocymecTBHTb c 
noMombio HacTpoHKH KOAeGaTeAbHoro KOHTypa npHeMHHKa Ha nacTOxy 
H3GpaHHOH paAHOCTaHAHH. riepeMeHHblH TOK, B03Gy>KAaeMblH paAHO- 
BOAHaMH b aHTeHHe, npOTexaeT nepe3 xaTyuiKy, HaAeTyio Ha (jieBpHTo- 
BbiH CTep>KeHb. Ha tot xce CTep>KeHb HaaeTa KaTyuiKa KOAe6aTeAbHoro 
KOHTypa npHeMHHKa. HacTOTy coGcTBeHHbix KOAe6aHHH KOHTypa mo>kho 
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H3MeHJm> nyTeM h3mchchh£ 3jieKTpoeMKOCTH C nepeMeHHoro KonneHca- 
Topa, b kji K)H e h h o ro napajuienKHO KaTyiuKC. 



npH coBna^eHHH co6cTBeHHon HacTOTU Kone6aTejn>Horo KOHTypa c 
HacTOTOH npHHMMaeMOH panHOBOJiHi»i Ha6jiio;jaeTC5i ABjieHHe pe30HaHca, 
h aMiuiHryna KOJie6aHHH chjiki xoica b KOHType flocruraer MaxcHMajibHO- 
ro 3HaHeHHa. AMiuiHTyflu BbiHy^eHHbix KOjie6aHHH, B036yamaeMbix 
pa^HOBOJIHaMH C flpyTHMH HaCTOTaMH, OKa3UBaiOTC» npH 3TOM 3HaMH- 
TeJlbHO MeHblUHMH. 

FfepeMeHHoe HanpsoiceHHe bwcokoh nacroTbi c o6iuiaaoic KoimeHca- 
Topa KOJie6aTeJibHoro Komypa no^aeTca nepe3 nojiynpOBO^HHKOBbiH 
Ha napajweJibHO coe^HHeHHbie iconaeHcaTop Ci h pe3Hcrop R. 
o# nponycKaeT tok b o^hom HanpaBjieHHH. 

KoHaeHcaTop C] 3apa3Kaerc5i nepe3 jxhor b TeneHHe o^hoh noJioBHHH 
nepHo^a KOJie6aHHH h HenpepbiBHo pa3pJWcaeTC5i nepe3 pe3Hcrop R. Ec- 
jih KOJie6aHHfl BbicoKofi qacTOTbi aMnJiHTy^bi Moj^yjiHpoBaHbi KOJie6a- 
HH5IMH 3ByKOBOH HaCTOTU, TO Hanp»KeHHe Ha 06 KJiaZlKaX KOHJietICaTOpa 
Cl H3MeHJ*eTCfl B COOTBeTCTBHH C KOJie6aHHHMH aMnjIHTyjJM MO.ayJIMUHH. 
Il03T0My HanpJiaceHHe Ha pe3Hcrope R H3MeHJieTca co 3ByKOBOH nacTO- 
TOH MOJjyjUHJHH. 

Jlflx ycnjieHH5i aMiuiHiy^u KOJie6aHHH mohcho Hcnojib30BaTb TpaH3H- 
CTOpHblil yCHJIHTCJIb HH3KOH HaCTOTbl (YHH). K Buxo^oy YHH nOAKJnO- 
naeTCif Tejie<j)OH hjih rpOMKOJOBOpHTejTb. 

IIopsuioK BunojiHeHHs pafcrru 

1. Co6epHTe /{encTByKHuyio MO^ejib pa^HonpueMUHica no cxeMe. 
rio^KJHOHHTe k KOJie6aTCJibHOMy Komypy aHTCHHy. K ycHJieHHio hh3koh 
qacTOTbi no^KmoqHTe hctohhhk mmmvi HTT. 

2. BpameHHeM pyrnci* H3MeHUHTe 3JieicrpoeMKocTb nepeMeHHoro 
KOHjxeHcaTopa KOJie6aTejitHoro Komypa no HacrpoiiKH b pc30HaHce c 
qacTOTOH nepe^aiomeH pa^HocTanaHH. Onpe,nejiHTe no uiKajie ojieicrpo- 
eMKOCTb KOH^eHcaTOpa C. ITo HaitaeHHOMy 3HaneHHK) 3JieKrpocMKOCTH 
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KOH^eHCaTOpa H H3BeCTHOMy 3HaHeHHK> HH^yKTHBHOCTH KaryuiKH onpe- 
.aejiHTe nacTOTy, Ha KOTopow pa6oTaeT nepeAaiomaa paAHocTaHijHa. 

HonojiHumejibHoe mdanue 

Meacay 6jioKaMH KOJie6aTejiLHoro xomypa h AeTeicropa bkjhohhtc 
6jiok ycHjiHTejia bbicokoh hbctotbi (YBH) h Hccjie,ayHTe ero bahahhc Ha 
KanecTBo pa6oTbi npweMHHKa. Ilo^aBaa CHrHaji c Bbixo^a YHH Ha bxoa 
ycHjiHTejia BepTHKaubHoro OTKjiOHeHHa 3JieicipoHHoro ocHHJiJiorpa(J>a, 
npoHa6jHO,aaHTe ocHHjuiorpaMMy KOJie6aHHH HanpaaceHHa Ha BxoAe 
YHH. 

JoMauiHee 3a^aHue 

§55-56. 


YpoK 57. BjiHu-TypHwp no TeMe 
«MexaHHHecKHe h 3JieKTpoMarmiTHi>ie bojihm» 

Lfejiu: noBTopeHHe MaTepnajia no TeMe «MexaHHHecxHe h ajieicipo- 
MarHHTHbie BOJiHbi»; npOBepKa 3HaHHH, coo6pa3HTeAbHocTH, yMeHHa 
JlOTHHeCKH MblCAHTb. 


Xoa ypoKa 

IIpaBHjia nrpbi: 

- Bonpocbi no^HpaioTca no TeMe; 

- ypOK hact b 6biCTpoM TeMne; 

- bo BpeMa ypoxa moxcho nojib30BaTbca jho6oh cnpaBOHHOH jiHTepa- 
Typon, BKjnonaa yne6HHK. 

YnHTejib 3aHHTbiBaeT Bonpoc. Hrpox, roTOBbiw k OTBeTy, noAHHMaeT 
pyicy; nepBOMy noAHHBmeMy pyicy npeAOCTaBAaeTca caobo. npaBHAbHbiH 
oTBeT oqeHHBaeTca b 1 6ajiA. YnacTHHKH, HaSpaBuiwe MeHbuie Bcex 6aji- 
AOB, Bbl6blBaK>T H3 Hrpbl. 

Bonpocbi: 

1. ^to npeACTaBAaeT co6oh boahoboc abhacchhc? 

2. Kaxwe boahb] Ha3biBaioTca nonepenHbiMH, npoAOAbHbiMH? 

3. B kbkhx cpeAax Moiyr pacnpocTpaHaTbca nonepenHbie boahm; npo- 
AOAbHbie? 

4. OnHHiHTe MexaHH3M o6pa30BaHna nonepeHHbix h npoAOAbHbix boah. 

5. IIponcxoAHT ah nepeHOC BemecTBa boahoh, nepeHOC 3 HeprHH? 

6. Mto Taxoe BOAHOBaa noBepxHocTb, (J)pOHT boahbi, Ayn boahbi? 

7. Kaxae boahu Ha3biBaiOTca oaockhmh, c(j>epHHecKHMH? 

8. ^to Ha3bmaeTca cxopocTbio pacnpocTpaHeHna boahm? ^to Taxoe 




ypOK 57. SnuLi-mypHup 


157 


AJiHHa bojihbi? Kaxaa cymecTByeT cbjbb Me:*cny cxopocTBio pacnpocTpa- 

HeHHfl BOJIHBI H flJIHHOH BOJIHBI? 

9. OnHniHTe MexaHH3M o6pa30BaHHJi cToaneH bojihbi. Hto Ha3tmaeT- 
Cfl y3JiaMH H IiyHHOCTJIMH CTGHHeH BOJIHM? rioneMy 3THM BOJIHaM ^aHO 
TaKoe Ha3BaHHe? 

1 0. npOHCXOAHT jih nepeHOC 3HeprHH ctoahch bojihoh? 

1 1 * KaKOBa 4)H3HHecKaa npHBona 3Byxa? Hto TaKoe axycraxa? 

12. Kaxwe 3ByKOBMe xojie6aHH*i BoenpHHHMaeT yxo nejiOBexa? 

13. Kax KjiaccH^HUHpyioTCfl 3Byxn? HeM OTjiHnaeTCfl uiyM ot My3Bi- 
xajiBHoro Toxa? Ot Hero h xa k 3aBHCHT BBicoTa Toxa? Ot Hero 3aBHCHT 
TeM6p 3Byxa? 

14. Kax H3Mep5iioT cxopocTB 3Byxa, ot Hero OHa 3aBHCHT? 

15. B xaxofi cpe^e cxopocTB 3Byxa HanGonBinaa: b TBepnon, >kh,hxoh 
hjih ra3oo6pa3HOH? 

16. Moiyr jih 3ByxoBBie bojihm pacnpocTpaHATBca b BaxyyMe? 

1 7. Hto Ha3BiBaeTca chjioh 3Byxa? 

18. npHBenHTe npHMepM axycTHnecxoro pe30HaHca. Hue oh npHMeHa- 
eTCH? 

19. Hto Taxoe yjiBTpa3Byx? Ha30BHTe hctohhhxh yjiBTpa3Byxa. Tne 
npHMeHHeTCH yjiBTpa3Byx b TexHHxe? 

20. Hto Taxoe HH<})pa3Byx? KaxoB hx hctohhhx? 

21. Hto Ha3BiBaeTCJi HHTepcfiepeHijHeH bojih h xaxoBBi ycnoBHfl ee Ha- 
6moneHH«? Hto nponcxonHT c 3HeprneH npH rameHHH bojih npyr npy- 
roM, xorna OTXjianBraaiOTCfl nse xorepeHTHBie bojihbi? 

22. B neM 3axjiioHaeTCJi npHHunn rionnexca? 

23. Hto Ha3BiBaeTC« nH^paxiiHen bojih, h xaxoBBi ycjioBHfl ee bo3hhk- 
HOBeHHJi? B neM coctoht 3acnyra OpeHejia npH oSbachchkh abjichha 
nH(f)paXIIHH BOJIH? 

24. Kaxoii cnBHr 4>a3 hmciot xojie6aHH«, coBepuiaiomHeca b onHHaxo- 
bbix 4)a3ax, b npoTHBO(f)a3ax? 

25. Hto Taxoe cynepno3HUHfl bojih? 

26. Hto Ha3BiBaioT reoMeTpnqecxoH pa3HocTBio xona bojih? 

27. Kaxwe bojihbi Ha3BiBaiOT xorepeHTHBiMH? 

28. rioneMy npH panHOjioxaijHH HcnojiB3yioT yjiBTpaxopoTxne bojihbi? 

29. KaxHe «BJieHH5i HaOjiionaioT npn H3MeHeHHH m arHHTHor o nojia? B 
HeM COCTOHT CyilJHOCTB naHHOTO HBJieHHH? 

30. Kaxne ABjieHH a Ha6jiionaioT npH H3MeHeHHH 3JiexTpHHecxoro nojw? 

3 1 . Moryji jih 3JiexTpHHecxHe h MarHHTHBie nojw cymecTBOBaTB 060- 
coSjieHHO npyr ot npyra? 

IIonBeneHHe htotob 

Yhhtcjib BBicTaBJiaeT oueHXH 3aypox. 




1 58 floypcMHbie pa3pa6omKU k yveSnuKy EFI. MfiKuiueea, 5.5 5yxoeueea 


^OMauiuee 3aaaHiie 

§ 57, 58. 


ypOK 58. BjlHHHHe HCKyCCTBeHHbIX H eCTeCTBeHHbIX 
3JieKTpOMarHHTHbIX KOJie6aHHH Ha HCHBbie OpraHH3IYlbI 


Xon ypoKa 


I. OpraHH3auHOHHbiif momcht 

II. IlpoBeAeHHe caMOCTOBTejibHOH pa6oTbi 

Bapuanm I 


1. Mto TaKoe 3Jieicrp0MarHHTHbie bojthh? (PacnpocmpanHioiqeecx e 
npocmpancmee nepeMeHHoe 3JieKmpoMaeHumnoe none.) 

2. KaKOBbi ocHOBHbie noJioaceHHa xeopHH 3jieKTpoMarHHTHoro nojix 
MaKCBejuia? {Jlpu bchkom uxmchchuu MaenumHoeo nonn eo3HUKaem eux- 
peeoe jnetcmpoMaenumHoe none , y Komopoeo eetcmop nanpHDtcennocmu 

- A B 

E ~ . Tlpu ecHKOM uzueneHuu jnetcmpunectcoco nonn eo3HUKaem Mae- 


HumHoe none, y xomopoeo eetcmop 


B 


AE 

At 


pacnpocmpannemcH e ok- 


pyotcatoi^eM npocmpancmee co CKopocmbto ceema.) 

3. C KaKOH cKOpocTbio pacnpocTpaHfleTc» ajieKTpoMarHHTHoe B3aw- 
MO^eHCTBHe b BaicyyMe? (c = 3-l(f m/c.) 

4. Kax HyacHO H3MeHHTb paccToaHHe Meacoy naacTHHaMH Koaaenca- 
Topa, hto6bi HacTpOHTb KOHxyp Ha npneM 6ojiee ajiHHHbix bojih? 
( YMenbuiumb paccmoHHue Meotcdy humu.) 

5. npH KaKHX yCJlOBHflX B03HHKaeT 3JieKTpHHeCKHH pe30HaHC B KOJie- 
6aTejibHOM KOHType aeTeirropHoro paaHonpHeMHHKa? {Jlepuod (uacmo- 
ma) npuHimaeMbix, 3netcmpoMaeHumHbix eonn u nepuod (nacmoma) co6- 
cmeenHbix tcone6aHuu tcoHmypa coenadatom . B 3moM cnynae aMnnumyda 
ebiHyotcdenHbix tconeBanuu docmueaem naudonbiueeo ManeHun.) 

6. Mmciotch jih cymecTBeHHbie pa3JiHHH» MOKay ycjiOBHHMH pacnpo- 
CTpaHeHHA pa^Ho bojih Ha 3e\uie h Ha JlyHe? ( HMetomcn , mate teax na 
Jlyne omeymemeyem uoHoccpepa.) 

7. PaHHonpHeMHHK HacxpoeH b ^Hana30He Ha juiHHy bojihbi 300 m 
npH eMKOCTH KoiieSaTejibHoro Kornypa 200 mkO. Ha Kaxyio ;yiHHy boji - 
Hbi 6yaer HacrpoeH pa^HonpHeMHHK, ecjiH He mchhji HH^yKTHBHocTb 
KojieGaxejibHoro KOHTypa, yBCJiHHHTb ero eMKOCTb 40 900 mk<I>? (600 m ). 
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8. Ot nero b ochobhom 3aBHCHT H3jiyHaTejibHa5i cnoco6HocTb npo- 
CToro KOJie6aTejibHoro KOHTypa? (Om nacmombi DjieKmpoMazuumrihix 
Konedanuu.) 

9. KaKHe abjichha npOHexo^flT bo BpeMfl pannonpHeMa b uenn ,aeTeK- 
Topa? ( BbicoKOHacmomubie ModyjiupoeanHbie KoneOamin npeo6pa3yiom- 
ch e mou 3eyKoeou nacmombi.) 

Bapuanm II 

1. Mo>kho jih Bbi6paTt CHCTeMy oTcneTa, b Koxopon o6Hapy?KHJiacb 
6bi tojibko MarHHTHaa cocTaBjunomaji B ? ( Henb3R .) 

2. KaK H3MeHHTCfl MOmHOCTb HaJiyHeHHfl, eCJIM HaCTOTy 3JieKTpHHe- 
CKoro BH6paTopa yBenHMHTt b a/ 2 pa3a? (YeenunumcR e 4 pa3a .) 

3. KaKHe abjichha npoHCxo^iT bo BpeM* paanonpHeMa b aHTeHHe h 
KOJ ieGaxejibHOM KOHType npneMHHKa? (IJod deucmeueM paduoeojinbi 
npoucxodum iwdyifupoeaHue dJieKmpunecKUX BH-Kojiedanuu.) 

4. npH yBenHHeHHH nacTOTbi K0Jie6aHHH b 2 pa3a SHeprna, H3Jiynae- 
Man oTKpbiTbiM KOJie6aTejibHbiM KOHTypoM ... (yeenuHueaemcR e 16 pas.) 

5. KaKHe KOJie6aHH5i BbiaejiaiOTCfl npH aeTeKTHpoBaHHH? ( Hu3kou 

nacmombi .) 

6. KaK HytfCHO H3MeHHTb HHayKTHBHOCTb npHeMHOrO KOHTypa, hto6bi 
H acTpoHTt ero Ha npneM 6oaee kopotkhx bojih? (YMeubiuumb.) 

7. Mo^KHO JIH OCymeCTBHTB paaHOCB5I3b C nOMOmtK) pa^HOBOJlH c 
noABO^HOH jioakh, HaxoaameHca noa Boaofi? (. Hem .) 

8. Me My paBHa aJiHHa paaHOBojiHbi, co3aaBaeMOH paanocTaHUHeH, 
pa6oTaiomeH Ha aacTOTe 1,5*10 6 Tu? (200 m.) 

9. Kaxoe npeo6pa30BaHHe 3HeprHH nponcxoAHT npn pa6oTe Tene<})0- 
Ha? (3jiefcmpuHecKcm npeo6pa3yemcR e MexanunecKyjo.) 

ID. HayneHne hoboto MaTepnajia 

3jieKTpoMarHHTHbie nojin cotobwx Tejie(|>OHOB 

Han6oaee BpeaHbiMH aBmnoTCfl BbicoKoaacTOTHbie H3JiyaeHH» caH- 
THMerpoBoro aHana30Ha. 06jiyaeHHe Bbi3bmaer HarpeBaHHe, hto MoaceT 
npHBecTH k H3MeHeHH«M h aaace noBpe5KaeHHaM TKaHen opraHH3Ma. 
/JeiicTBHe 3JieKTpoMarHHTHbix nojieii Ha opraHH3M npOABjiaeTca Ha 
4>yHKHHOHaJTbHOM paCCTpOHCTBe UeHTpaJIbHOH HepBHOH CHCTeMbl. Cy6l»- 
eKTHBHbie OmymeHHH - nOBblUieHHafl yTOMJiaeMOCTb, COHJIHBOCTb HJ1H 
HapvmeHHe CHa h T.a< IlpH cucTeMaraHecKOM o6ayaeHHH Ha6jno^aK)TC5i 
HepBHo-ncHXHHecKne 3a6oJieBaHHa, H3MeHeHHe KpoBaHoro aaBaeHHa, 
3aMeaJieHHe nyjibca. 

BHeniHHe npH3HaKH - nopeaeHHe bojioc, cyxaa KO>Ka, acejiTOBaToro 
oiTeHKa, xpHnjibiH ronoc. 

Mepbi 6e3onacHocTH: 
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- He pa3roBapHBaHTe MHoro no Mo 6 njibHOMy xeJie<J)OHy; 

- He no^HOCHTe xejiet})OH k rojioBe cpa3y >xe nocne Ha^xaxHJi khoiikh 
Hanana Ha6opa HOMepa. B 3xox MOMeHx 3JiexxpoMarHHXHoe H3Jiy- 
neHHe b HecKOJibKo pa3 6ojibme, neM bo BpeMa pa3roBopa; 

- onacanxecb HaxoflHXbca no^ojiry b6jih3h aHxeHHbi pexpaHCJiaxopa 
npoBan^epa; 

- npH Bbi 6 ope Tejie4>oHa oxnafixe npe^noHTeHHe annapaTaM c BHern- 
HHMH aHTeHHaMH. 

3jieKTpoMarHHTHbie nojin 6 biTOBOH tcxhhkh 

HanSojiee pacnpocxpaHeHHbiM flBJiaex HH3KonacxoxHoe (50 Tu) ne- 
peMeHHoe MarHHTHoe nojie. B nop*mxe y6biBaHHa onacHocTH ;yifl 3^opo- 
BbH HejrOBeica: MHxpoBOJiHOBaa nenb, ajiexxponjiHxa, xe.rieBH30p, cth- 
paJlbHaB MaiUHHa, XOJIOflHJIbHHX, 3JieKTpo6pHTBa, yTTOI\ 3JieKTpOHaHHHK. 
Ecjih hx nocTaBHTb pjmoM hjth 6jih3ko apyr k apyry, ohh co3^a^yT 
CHJibHoe 3JieKTpoMarHHTHoe nojie. CaMoe onacHoe MecTO b KBapTHpe - 
xyxHJi. 06e3onacHTb mowho ce6a caMbiM npocxbiM cnoco6oM - xax 
mo^kho MeHbme BpeMeHH npoBO^HTb Ha xyxHe. 

noxynafixe ManoMomHbie npn 6 opbi, He BXjnoHanxe Hecxojibxo 3 jiex- 
Tpo 6 bITOBbIX npH 6 opOB OflHOBpeMeHHO. 

Ha ^aHHbiH MOMeHT HayKOH KOJiHHecxBeHHO He ,noKa3aHO npaMofi cbh- 
3h Me»my ypoBHeM 3 JieKTpoMarHHTHbix nojien h OHxonorHHecxHMH h Apy- 
thmh BH^aMH 3a6ojieBaHHH. OaHaxo xanecxBeHHO CBJi3b npocjie>xHBaexcfl: 
b Mecxax, r^e jik^h no^Bepraioxcfl bo3^chctbhk> 3 JiexxpOMarHHXHbix 06 - 
jiyneHHH, name BbiaBJunoxca paxoBbie 3a6oJieBaHHH h paccxpowcxBa cep- 
^eHHO-COCy^HCTOH H HepBHOH CHCTeMbl. HcxycCXBeHHbie 3JiefCTpOMaTHHT- 
Hbie nojw Bpe^Hbi zuxa Bcex, ho ocoOchho jx jib 6 epe\teHHbix >xeHiuHH, jiio- 
/jen c 3a6ojreBaHHeM ueHxpanbHOH HepBHofi cncxeMbi, cepAenHo- 
cocyAHcxoft CHcxeMbi, ropMOHajibHbiMH HapymeHHHMH, amieprexHxoB. 

CneuHariHcxbi coBexyiox He cxaBHXb xpoBaxb 6jinDxe 2mk xaOejibHbiM 
no^BO^KaM h 6iiH>Ke 1,5 m k xojioamibHHxy. TejieBH30pbi HBJiyMamx 3jiex- 
xpoMarHHXHoe nojie bo Bcex HanpaBJieHHax, ^a>xe b peacHMe o>KH^aHna. 

B Pocchh He ycxaHOBJieHo npe^ejibHO aonycxHMbie ypOBHH nepe- 
MeHHoro MarHHXHoro nojia nacxoxoH 50 Tu pjin HacejieHHa, no3XOMy 
3XOX bha H3jiyneHH5i He KOHxpojiHpyexca b Mecxax pa6oxbi h >KHjinmax. 

Kax ycxaHOBJieHo uiBe,ncxHMH yneHbiMH, npn noBbmieHHH ypoBHB 
MarHHXHoro nojw ox 0,1 mkT ro 0,4 mxTji pncx pa3BHXHH JiewxeMHH y 
/lexen B03pacxaex b 3,6 pa3a. 

JlepcoHajibHbiH KOMnbiOTep 

MHorne nojib30Baxe^H nojiarajox, hxo onacHocxb hcxo^hx ox mohh- 
xopa - 3XO peHxreHOBcxoe H3jiyneHHe. B aeHcxBHxenbHocxH peHxreHOB- 
cxwe h yjibxpacjwojiexoBbie, HH<})paxpacHbie H3jryHeHiia, xax npaBHjio, He 
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npeBtiuiaioT 6HOJiorHnecKyio onacHOCTb. FuaBHyK) onacHOCTb npe^- 
cTaBjiflKDT 3JieKTpoMarHHTHBie nojia. ypoBeHb hx npeBtimaeT 6 hojiofh- 
necKyjo onacHocTb. HyBCTBa neJiOBeKa He BOcnpHHHMaioT 3JieKTpOMar- 
HHTHbie nojw pacceaHHoro flHana30Ha h noJib30BaTejib He MoaceT oue- 
HHTb OnaCHOCTb. 

y nojib30BaTejifl s paSoTaiomero 3a mohhtopom 2-6 nacoB b cyTKH, 
HapyuieHHe ijeHTpajibHOH HepBHOH CHCTeMbi nponcxo^HT b 4-6 pa3 na- 
me. J^axce rtpH KpaTKOBpeMeHHOH pa6oxe (45 mhh.) no,a BJiHflHHeM 3Jiex- 
TpoMarHHTHoro H3jiyneHH5i npoHcxojiaT 3HaHHTejibHtie H3MeHeHHa rop- 
MOHaJlbHOrO COCTOJIHH51 H H3MeHeHHfl 6HOTOKOB M03ra. Oco6o JIpKO 3TO 
npoaBJiaerca y »:eHmHH. 

MarHHTHbie nojifl GbiTOBbix iipnGopoR 

Be3onacHbiH ypoBeHb - 0,2 mkTji: 

KO(j)eBapKa - 0,12 mkTji; 

<j)eH-0,l mkT; 

ynor - 0,3 mkT; 

3JieKipoKaMHH - 0,4 mkT; 

cTHpajibHaa ManiHHa - 0,4 mkTji. 

IV. IIoABeAeHHe htotob ypoKa 
/(oMauiHee 3ajjaHHe 

n. 49-58. 


ypoK 59. 06o6maK>mHH 

no3HaBaTejibHO-pa3BjieKaTejibHbiH ypoK 

IJejiu: noBTOpeHHe MaTepnana no TeMe «3jieicipoMarHHTHbie boji 
H bi», pacuiHpeHHe Kpyro30pa ynamHXca. 


3nHrpa(J) k ypoxy: mhcjiio, cjiejjOBaTejibHO, a cymecTByio». 

(P. /Jempm) 


Xoa ypoica 

3tot ypoK npoBo^HTca c uejibio noBTOpeHHa Maiepnajia h oacHBjie- 
hh* yne6Horo npouecca. B no^oOHbix wrpax pe6«T npHBJieKaeT a3apT 
COpeBHOBaHHB h HHTepecHbie Bonpocw. 

Bonpocw no^SHpaiOTca no TeMe. ypox h^ct b GucTpoM TeMne. Bo 
BpeMa ypoKa mohtho nojib30BaTbca jiio6oh cnpaBOHHOH jiHTepaTypoii, 
BKjnonaa yneOHHK. 


6 B. A. Bojikob 
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I. BjlHU-TypHHp 

1. Bo BpeMfl OTeHecTBeHHOH bohhbi 1812 r. hc pa3 oTJiHnajica b cpa- 
xccHHfix. B 1832 r. co3/jaji KjiaBHiiiHbiH Tejierpa(})HBiH annapaT c HH^HKa- 
TopoM. B 1837 r. pa3pa6oxaji npoeitr noflBOflHOH jihhhh 3JieKTpOMar- 
HHTHoro Tejierpa(J)a Meamy IleTepro^OM h KpomirraaTOM. ( Uaeen Jlbeo- 
euH Ulwuium .) 

2. B 1837 r. CKOHCTpyHpOBan Tejierpa(J)HbiH annapaT, 3anHCbreaiomHH 
CHTHaJlM. CoCTaBHJl KOJX , B KOTOpOM BCe 6yKBbI aJI^aBHTa 6bIJIH 3ailIH())- 
pOBaHLI B ^BOHHHOH CHCTCMe: TOHKa-THpe. ( CoMytui Mop3e .) 

3. B 1850 r. H3o6peji nepBUH b MHpe OyKBonenaTaiomHH TejierpatJ)- 
huh annapaT. ( Eopuc CeMenoem Bko6u.) 

4. B 1901 r. nepe^an pa^HOCHrHaji Hepe3 ATjiaHTHHecKHH OKeaH H3 
KopHysnna b HbKxjjayHjjjieH/l. Kor^a b 1937 r. oh cKOHnajica, Bee pa- 
jIHonpHeMHHKH Mnpa MonnajiH 2 mhh. (PyjibenbMO MapKonu.) 

5. PyccKaa nonTa 6i>iJia ynpoicneHa b 1665 r. npn uape Ajiexcee Mh- 
xaHJiOBHHe PoMaHOBe. OpraHH30Ban ee ^nnjiOMaT ... (Atpanacuu Jlae- 
peumbeem OpdbiH-Han^eKUH .) 

6. C aeTCTBa poc b aTMOC^epe 3ByKOB h My3biKH. C 1873 r. - npo- 
(Jjeccop (J)H3HOJiorHH opraHOB penn Boctohhoto yHHBepcHTeTa. HHCTaa 
cjiynaHHOCTb b pa6oTe no co3,aaHHio Tejierpa^a noMonia eMy OTKpbiTb b 
1876 r. 

7. PaHHonepeaaTHHK pa6oTaeT Ha nacTOTe 6-10 6 T\\. PaccHHTaHTe hh- 
,oyKTHBHocTb Bbixo^Horo KOHTypa nepeaaTHHKa, ecjiH ero 3JieKTpoeM- 
KOCTb 100 n<l>. 

8. PaaHonepeaaTHHK Kopa6jia-cnyTHHKa «Boctok» paSoTaji Ha nac- 
TOTe 20 MTu. KaxoBbi nepnoa h fljiHHa bojihm ero H3JiyHeHH5i? 

9. npH pa6oTe Ha BOjme ahhhoh 3,2 mm cy^OBaa pa^HOJioKauHOHHaa 
CTaHHHa «OKeaH» H3JiyHaer HMnyjibcw c nacTOTOH cJie^oBaHHX 2,5- 10 3 H*. 
KaxoB TeopeTHHecKHH paanyc aeHCTBHa 3 toh CTaHUHH b tbkom peacHMe 
pa6oTbi? 

10. H3jiyHaiomaji aHTeHHa Tejieuempa no^HaTa Ha BbicoTy 150 m Haa 
ypoBHeM Mopa, a npneMHaa aHTeHHa TejieBH30pa - Ha BbicoTy 40 m Haa 
ypoBHeM Mopa. Ha Kaxoe paceroaHHe mohcho OTHecTH npHeMHyio aHTeH- 
Hy 6e3 noMex rjw npneMa H3-3a KpHBH3Hbi 3cmjih, ecjin Meacay nepe- 
/jaKmjeH w npweMHOH aHTeHHaMH HeT B03BbiuieHHOCTeH? 

1 1 . Ohh He OTpaacaioTca HOHOc(j>epOH h cboGo^ho npoxo/jaT nepe3 
Hee; ohh He ora6aK>T noBepxHOCTb 3cmjih b pe3yjibTaTe ^Ht})paKUHH, 
nosTOMy cBB3b ocymecTBJiaeTca TOJibKO b npe^ejiax npaMOH bh^hmocth 
aHTeHHbi nepe,aaTHHKa. (YKB.) 

12. 3Ta pa,aHOCBa3b oSecneHHBaeT TeaeBH3HOHHyio nepe^any H3 
CI1IA b 3ana_aHyio EBpony, JlnoHHio h o6paTHO, no3BoaaeT ocymecTB- 
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jiflTb «TejieMOCT» MCjKjxy Haniefi cTpaHOH h CUIA, a TaioKe 3ana^HOH 
EBponofi h ilnoHHew. (CnymnuKoeoH.) 

13. 3tot no^BHr ^an poacneHHe TaKOMy BHoy jiencoH ameTHKH KaK 
Mapa<j)OHCKHH 6er. (JJocmaejvw U3eecmue o no6ede zpetcoe nad nepcaMu 
e Mapa(poHCKOu dojiune, zouey npo6eotcaji 6e3 ocmaHosKu 42 km.) 

14. B 1854 r. b Pocchh coa^aeTca YnpaBjieHHe 3 toh cb»3i>to. 0<J>huh- 
auLHUM HaHajiOM pa6oxbi cb»3h CHHTaeTca 15 anpejia 1855 r. - aeHb 
OTKpwTHa MarHCTpajiH lleTep6ypr - MocKBa. ( TejiezpatpHaa .) 

15. B Pocchh 3Ta CBa3b noaBHJiacb b 1881 r. IlepBue ctehuhh ot- 
KpunHCb b MocKBe, nexep6ypre, Oflecce. ( Tene^onnaH .) 

16. IlpH JIio^oBHKe XIV rjiafia KOpoJieBCKoro coBera Kap^HHaji Ph- 
rnejibe c^ejiaii sto cpejjCTBo cb»3h ochobhmm b rocyjjapcTBe, 3anpeTHB 
noAaaHHbiM nepecbuiaTb nncbMa hhum cnoco6oM. (TJonma.) 

1 7. B Pocchh 3Ta TpaanuHa noaBHuacb b Hanajie XVI eeKa. Ohh oxa- 
3ajiHCb naeajibHMMH CBa3HcxaMH 6jiaro^apa ynHBHxejibHOH choco6hocth 
B 03BpamaTbC« noa pojjHyio KpOBJiio h noMHHTb Aopory k flOMy b xene- 
HHe HecKOJibKHx jiex. ( TojiydunaR nonma, zony6u .) 

II. KpoccBopa 

IlpHMeHHM CBOH 3HBHHH K pa3raflbIBaHHIO KpOCCBOpflOB. 
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Bonpocbi: 

1 . Hcnojit30BaHHaa BepxHjta nacTb aTMoc(j>epbi, HaHHHatomaaca c pac- 
cxoflHHfl npHMepHO 50-90 km ot noaepxHocTH 3cmjih h nepexo^amaa b 
MOK iuiaHeTHyto njia3My; 2-3. ripnOopbi, coBMecTHoe nojib30BaHne koto- 
pbiMH no3BOJi>reT nepe^aBaTb 3ByK Ha /janeKHe paccToaHHa; 4. no HeMy 
Hejib35i pa3roBapHBaTb, ho mo>kho nocJiaTb cnrHan; 5. nepBbifi b MHpe 
Tene(J)OHHbiH annapaT coSpaji 6. ABTOMaTHnecKaa Tejie^OHHaa eraH- 
Uhh; 7. yneHbiH, H3o6peTaTejib nepBoro pajiHonpueMHUKa; 8. OflHa H3 
ocHOBHbix HacTen npHOopoB (cm. n. 2 h 3); 9. 33jieKTpoHHo-jiyHeBaa 
TpyOxa, BbinojiHaiomaa pojib HH^HKaTopHoro ycTpoucTBa; 10. nepe^ana 
H3o6pa)KeHHJi Ha paccxoaHHe; 1 1 . Kto jiioOhx roBOpHTb no xejietj)OHy? 
12. H3o6peTaTejib 3jieKxpoMarHHXHoro xejierpa^a h a36yKH H3 xonex h 
THpe; 13. H3o6pexaxejib nepBoro b MHpe xejierpatjmoro annapaxa, nena- 
xaiomero OyKBbi. 

( Omeembi : 1. HoHOC<})epa; 2. Mhkpo(J)oh; 3. Tejie^oH; 4. nen^ep; 
5. BaTCOH; 6. ATC; 7. nonoB; 8. MeM6paHa; 9. Khhcckoii; 10. TejieBH- 
fleHHe; 11. 51; 12. Mop3e; 13. 5 Iko6h. Kntoueebie cnoea: CPE^CTBA 
CBA3H.) 

III. IIo/iBe^eHHe HToroe 

BbicTaBjieHHe oueHOK 3a paGoiy b acypHaji. 




OnTMKa 


DiaBa 8. CBeTOBbie BO/iHbi 

ypoK 60. Pa3BHTHe B3rjiHaoB Ha npnpo/iy csera 

Hejib: paccKa3aTb o jxnyx rnnoTe3ax, hto Tanoe cbct. 

Xofl ypoKa 

1. OpraHH3aUH0HHbIH MOMCHT 

IL H3yneHHe Hoeoro MaTepnajia 

1 . PaccKa3 yHHTejia. 

OTBeT Ha Bonpoc o npnpo/ie cbctobbix bojih 6liji nouyneH Ha ocho- 

B3HHH .ZlJIHHHOrO pjl^a Ha6jlK) < ZieHHH Haa 0 C 06 eHH 0 CTHMH CBCTOBblX HB- 
JieHHH. npH 3TOM, KaK 06bIHH0 6bIBaeT, npH pa3BHTHH HaillHX HayHHbIX 
B033peHHH npe^cTaBJieHHH o npHpoae cBeTa MeHjuiHCb no Mepe Toro, xax 
HaKannHBajincb HOBbie cBe^eHHa h aaHHbie. 

JJea cnoco6a nepedauu eo3deucmeun 

Ot HCTOHHHKa CBeTa CBeT pacnpocTpaHHeTca bo Bee cTopoHbi w naaa- 
eT Ha ORpy^Kaiomne npe^MeTbi, Bbi3biBaa, b hbcthocth, HarpeBaHHe. 
Mo^kho cica3aTb, hto npH pacnpocTpaHeHHH CBeTa npoHcxo^HT nepe^ana 
B03.aeHCTBHH ot o^hoto Tejia (HCTOHHHKa) k apyroMy (npHeMHHKy). 
fleHCTBHe o^hoto Tena Ha apyroe ocymecTBJiaeTCfl A ByMH cnocoGaMH: 

1) c nepeHocoM BemecTBa; 

2) c H 3 MeHe>meM coc Tonmix cpejjbj. 

2. npoBe^eHHe 3KcnepHMeHTOB. 

SKcnepimenm 1 

Ha iirraTHBe noMemeH KOJiOKOJibHHK. Kn^aeM b Hero inapHK. Kojio- 
KOJibHHK 3BeHHT. 3,aecb 6biJi nepeHoc BemecTBa. 

SKcnepuMenm 2 

ripHBjnaTb k « 3biHKy KOjiOKOJibHHKa uiHypOK h ziepHyTb 3a Hero. B 
3 tom cjiynae nepeHoca BemecTBa HeT. IIpohcxoaht H 3MeHeHHe coctoh- 
HHH (<j)OpMbl) BepeBKH. 

3. npoAojHKeHHe paccKa3a yHHTejia. 

B COOTBeTCTBHH C ^ByM5i B03M0HCHbIMH CnOCOSaMH nepe^aHH ^eHCTBHB 
OT HCTOHHHKa K IlpHeMHHKy B03HHKJ1H H HanaJlH pa3BHBaTbCH ;jBe COBep- 
rneHHO pa3JiHHHbie Teopnn o tom, hto TaKoe CBeT, KaKOBa ero npnpo^a. 

npHHeM, B03HHKHH ohh noHTH o^HOBpeMeHHO b XVII Bexe. O^Ha 
6biJia CB*3aHa c HMeHeM X. nonreHca h no/wep5KHBauacb JI. 3HJiepoM, 
M. B. JIOMOHOCOBbIM H B. d>paHKJIHHOM. A /jpyrafl - c HMeHeM HblOTOHa. 
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H. He»k>toh npeAJio^cHji npH£ep>KHBaTbc« KopnycKyjiapHOH TeopHH 
cseTa, corjiacHO KOTopofi CBer - oto noTOK nacTHu, Hnymnx ot hctohhh- 
Ka bo Bee cTopoHti (nepeHoc eemecTBa). 

CorjiacHO npe,nnoJio)KeHH»M TewreHca, caer - 3T0 bojihbi, pacnpo- 
CTpaH«K)u^nec5i b oco6oh, rnnoTeTHnecKOH cpejje - 3<J)Hpe, 3anojiH»K>- 
meM Bee npocipaHCTBO h npoHHKafomeM BHyipt scex Teji. 06e TeopHH 
.qojiroe BpeMa cymecTBOBajiH napajuiejibHO. H3BecTHtie b to BpeM» 3a- 
kohbi pacnpocTpaHemw cBeTa 6ojiee hjih MeHee ycneuiHo oGthchsuthcl 
06 eHMH TeOpHJIMH. 

Ha ocHOBe KopnycKyjiapHOH TeopHH TpyuHO 6buio o6i>»chhtl, none- 
My cseTOBLie nyHKH, nepeceKaacb, hhkbk He ^eficTByioT jxpyr Ha Apyra. 
BojiHOBaa ace Teoptw 3 to JierKo o6BBCHJiJia. rioBepxHOCTHLie bojihli bo- 
ru cboGo^ho npoxo^HT CKB03B ;jpyr jjpyra, He 0Ka3biBaa B3aHMHoro 

BJIRHHHfl. 

Ho HCXOJJH H3 BOJIHOBOH TeopHH TpyflHO o6l>aCHHTb 06pa30BaHHe 
pe3KHX TeHen. KopnycKyjiapHaji >Ke TeopHH ofrbacHJiJia oto cjiejjCTBHeM 
3axoHa HHepHHH. 

B flajibHeHineM BOJiHOBaa Teopna 6 wjia pa3BHTa b pa 6 oTax M. B. JIo- 
MOHocoBa, A. Ofijiepa, T. lOHra, O. <X>peHejia, /Jac.-K. MaKCBejuia. 

M. B. JIomohocob b cBoeM Tpy^e «Cjiobo o npoHCxotfcneHHH CBeTa, 
HOByio TeopHio o UBeTax npe;jcTaBjijnomee» (1756 r.) oGthchhct Mexa- 
HH3M pacnpocTpaHeHHH CBeTa. 

Oh bbo;jht noHffTHe o KOJie6aTeJibHOM abh^kchkh nacTHii 3(J)Hpa. 
Cbct, npeflCTaBjiaeT co6oh pacnpocTpaHeHne h nepe^any KOJie6aTejibHO- 
ro ^BH^eHHS B 3(J)Hpe - OT OflHHX HaCTHlJ ic coce^HHM. B paCCy^iCaeHHHX 
JIoMOHOcoBa coaepacHTca Rzjea o nonepenHocTH cBeTOBbix bojih. 

Pa3JIHHHe UBeTOB Teji Oituep CB5I3bTBaJT C HeOflHHaKOBbIMH HaCTOTBMH 
KOJie6aHHH. KaamoMy ueeTy cooTBeTCTByeT onpeAenewHaa nacrora. 

BoJibiuoe pa3BHme h 3aBepmeHHOCTb BOJiHOBaa Teopna CBeTa nony- 
HHJia b pa6oTax T. K>Hra h O. <X>peHeJia. lOnr onpeaeJiHJi ^JiHHy cBero- 
Boit BOJiHbi. Pa6oTbi 3thx yneHbix 6buin nocBameHbi HHTep^epeHijHH, 
AH^paKUHH H nOJMpmaHHH CBeTa. 

3jieKTpoMarHHTHa5i npupojja cseTa 6bina co3^aHa Jipt.-K. MaKCBeji- 
jiom h iKOTBepacfleHa onbrraMH T. Tepua. npH pacnpocrpaHeHHH cbct 
B e^eT ce6a xa k BOJiHbi. 

HbK)TOH CHHTaJI, HTO CBCT COCTOHT H3 CBCTOBblX HaCTHU - KOpnyCKyJl, 
K flBIWCeHHK) KOTOpbIX OH npHMeHHJI 3aKOHbI MeXBHHKH. 

KopnycKyjiH .aBHacyrca b ojihopojjhoh cpe^e c orpoMHbiMH cicopo- 
cthmh. npH OTpaaceHHH h npejiOMJieHHH cseTa Ha Kopnycicyjibi ^encTBy- 
h)t chjiw co cropOHbi OTpaxcaiomen hjih npejiOMJiawmeH cpe^bi, Me- 
HaiomeH hx cKopocTb. 3to npHBo^HT k H3MeHeHHK> HanpaBjieHHa pac- 
npocTpaHeHHa noToica nacTHu, t. e. cseTa. 
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O^HaKO b Hanajie XX Beica npeacTaBaeHHa o npHpoae CBeTa HanajiH 
KOpeHHLIM o6pa30M MeHflTKCfl. 

HeoacHaaHHO oica3ajiocb, hto oTBeprayTaa KopnycKyaapHaa Teopna 
Bee HMeeT OTHouieHHe k ^eHCTBHTejitHocTH. KopnycicyaflpHyK) Teo- 
pmo CBeTa b ee coBpeMeHHOM noHHMaHHH co3^an 3HHiiiTeHH, HBaaio- 
mHHCJi ocHOBonojioacHHKOM yneHHa o (Jjotohhoh CTpyicrype CBeTa. Oc- 
HOBy TeOpHH yCTaHOBHJl M. rijiaHK. BOJIbUIOH BKiia,a B pa3BHTHe TCOpHH 
BHec H. Bop. 

OKa3ajiocb, hto npH H3JiyneHHH h noraomeHHH cbct BeaeT ce6a no- 
#o6ho noTOKy nacTHU. 

Bo3HHKjia HeoSbiHHajr cmyauHa: hbjichhh HHTepcJjepeHUHH h ah* 
(JjpaKUHH no-npeacHeviy moacho 6e.ijio o6bacHHTb, CHHTaa cbct bojihoh, a 
HBjieHHfl H3JiyneHH5i h nonioiueHHfl - cHHTaa cbct iiotokom nacTHU. 3th 
ABa, Ka3anocb 6 u, HecoBMecTHMbix apyr c apyroM npeacTaBaeHHa o 
npHpoae CBeTa, yaaaocb o6beaHHHTb b hoboh TeopHH. C TeneHHeM Bpe- 
MeHH BbIHCHHJIOCb, HTO ABOHCTBeHHOCTb CBOHCTB ITpHCyilja He TOJIbKO 
CBeTy, ho h jik)6oh Apyrofi (JiopMe MaTepHH. 

III. IIoABeAeHHe htotob ypOKa 
/(oMawiiee 3aaaHHe 

c. 171-174. 


^onojiHHTejibHbiH MaTepnaji 

Cbct h CBeroBbie jiBjieHHJi jiio^h HanajiH rnynaTb 3aaojiro ao otkpmthji ojick- 
TpOMarHHTHblX B0J1H. TaKHe H3BeCTHbie (J)HflOCO(j)bl apeBHOCTH KaK rtn^arop 
(VI B. ao H.3.), ApHCTOTe/Ib (IV B. aO H.3.), EBKJIHa (III B. aO H.3.) 3aHHM3JIHCb 
H3yneHHeM CBeTa. EBKJina b cbohx TpaicraTax o6o6luh;i paHee H3BecTHbie 3HaHHJi 
h H3Jio>KHa asa 3aKOHa reoMeTpHnecKon oiithkh. rio-BHanMOMy, riH(})arop oa- 
hhm H3 nepBbix BbiaBHHyji rnnoTe3y o tom, hto Tejia HcnycxaioT MejibHaHiune 
naCTHUbi, KOTOpbie nonaaatoT b rJia3a, Sjiaroaaps neMy Mbi h BHaHM oKpyacato- 
ihhh MHp. OaHy H3 nepBbix rwnoTe3 o cBeTe xax B036y)KaeHHH cpeaw BbiasHHya 
apeBHerpenecKHH yneHbiH ApHCTOTejib. <t>opMy TeopHH o CBeroabix Bojmax 3Ta 
rnnoTe3a npno6pejia b Tpyaax romiaHacKoro yneHoro-<j)H3HKa X. nowreHca 
(1629-1688). 

Pa 3 BHTHe B3f7iiiaoB Ha npnpoay caeTa h nepBbie OTKpbiTHH 

B ofijiaCTH (j)H3HHeCK0H OIITHKH 

riepBbie npeacTaBJieHHH o tom, hto Taxoe cbct, othocbtch k apeBHOCTH. 

B apeBHOCTH npeacTaBJieHHH o npnpoae CBeTa 6 hjih BecbMa npHMHTHBHbiMH, 
<J)aHTaCTHHeCKHMH H K TOMy H<e BecbMa pa3HOo6pa3HbIMH. OaHaKO HeCMOTpB Ha 
pa3HOo6pa3He B3ra«aoB apeBHHX Ha npnpoay CBeTa, yace b to BpeMH HaMeTHJiHCb 
TpH ocHOBHbix noaxoaa k peuieHHto Bonpoca 0 npwpoae CBeTa. 3 th Tpn noaxoaa 
b aaJibHeHuieM o<j)opMHJiHCb b aee KOHKypnpyiomHe TeopHH - KopnycKyjuipHyK) 
H BOJlHOByiO TeopHH CBeTa. 
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rioflaBJifliomee Gojibiiihhctbo ap^bhhx 4>hjioco<J)Ob h yneHbix pace MaTpn Ban o 
cbct Kax HeKHe Jiynn, coeflHHJilomHe CBeTnmeecfl Teno h HejioBenecxHH rjia3. 
npH 3TOM OAHH H3 HHX VlOJiaraJlH, HTO JiyMH HCXOAHT M3 ma3 nejiOBexa, OHM xax 
6bi omynbiBaiOT paccMaTpHBaeMbiH mpeAMeT. 3Ta Tonxa 3peHH« HMena cHanana 
6ojibiuoe HHCJio nocJie^OBaxeJieH. /Ja^xe TaxoM xpynHeHiiiHH yneHfaiH xax Ebxjiha 
npHAepacHBancn ee. OopMyjiwpyn nepBbiH 3axoH reoMeTpHnecxoft onTHXH, 3axoH 
npjiMOJiHHeHHoro pacnpocxpaHeHHJi cBeTa, Ebxjiha riHcaji: «HcnyCKaeMbie nia- 
3aMM JiyMM pacnpocxpaHHioTCH no np«MOMy nyTH». Taxoro xce B3ni5iAa npHAep- 
jXHBajica riTOJieMeM h MHOrne ApyrHe yneHbie h 4>HJioco(})bi. 

OAHaxo no3)xe, yace b CpeAHHe Bexa, Taxoe npe^cTaBJieHHe o npnpoAe CBeTa 
TepneT CBoe 3HaneHHe. Bee MeHbiue CTaHOBHTCs ywenbix, cjieAyiomHx 3thm 
B3rji«,aaM. H x Hanany XVII b. 3Ty Tonxy 3peHM» mowho CHHTaTb yxce 3a6biTOH. 

JJpynie, Hao6opoT, CHHTajiH, hto Jiynw ncnycxaioTCJi CBeT«mHMC5i tcjiom h, 
AOCTHrax MenoBenecxoro rnaaa, HecyT Ha ce6e omenaTox cBeTamerocfl npeAMe- 
Ta. Taxoif tohxh 3peHna npHAepxcHBajincb aTOMHCTbi JJeMOxpHT, 3nHxyp, Jlyx- 
peuwH. 

FIocjieAHfla TOHxa 3peHH« Ha npnpoAy CBeTa yace no3>xe, b XVII b., o<j>opMH- 
Jiaci. b xopnycxyjiapHyio TeopHio cseTa, comacHO xoTopon cbct ecTb noTox xa- 
xhx-to nacTHU, HcnycxaeMbix cbctjhuhmcji tcjiom. 

TpeTbs TOHxa 3peHH» Ha npnpoAy CBeTa 6biJia BbicxaaaHa ApHCTOTeneM. Oh 
paccMaxpHBaji cbct He xax HCTeneHHe nero-TO ot cBeTameroca npeAMeTa b rna3 
m TeM 6onee He xax Hexue jiynw, Mcxo^mne M3 ma3a h omyribiBaiomHe npeAMeT, 
a xax pacnpocTpaH5nomeecfl b npocTpaHCTBe (b epe^e) achctbhc hjih ABHJxeHHe. 

MHeHHe ApHCTOTejia b ero BpeMx Mano kto pa3Aeji5ui. Ho b AajibHeiiiiieM, 
onaTb xce b XVII b., ero Tonxa 3peHH« nojiyHHjia pa3BHTHe h nojiowHJia Hanano 

BOJIHOBOH TeopHH CBeTa. 

B XVII B. B CBH3H e pa3BHTHCM OnTHXH BOnpOC O IipHpOfle CBeTa Bbl3blBaeT 
Bee 6oJlbUlHH H 60JIblUHH HHTepeC. ripH 3TOM npOHCXOAHT o6pa30BaHHe ^Byx 
npoTHBonoJiojKHbix TeopHH CBeTa: xopnycxyjiapHOH h bojihoboh. 

pa3BHTH« xopnycxyji«pHOH TeopHH CBeTa 6buia 6ojiee 6jiaronpH«THa» 
noHBa. ^eHCTBHTejibHO, win reoMeTpHHecxOH onTHXH npeACTaBjieHHe o tom, hto 
CBex ecTb noTox oco6bix nacTHu, 6buio BnojiHe ecTecTaeHHbiM. FlpflMOJiHHeHHoe 
pacnpocTpaHeHHe CBeTa xoporno o6bJicHHjiocb c tohxh 3peHH« 3toh TeopHH. 
Taxace xoporno oGbachajicji h 3axoH OTpanceHHJi CBeTa. J\ a h 3axoH npejioMJieHHs 
He npOTHBOpeHHJl 3T0H TeopHH. 

06mee npeACTaBjieHHe o CTpoeHHH BeiuecTBa Tax^xe He BCTynano b npoTH- 
BopeHHe c KopnycxynspHOH Teopnefi CBeTa. B ochobc TorAauiHHX npeACTaBjie- 
hhh o CTpoeHHH BemecTBa Jie^xana aTOMHCTHxa. Bee Tena coctost H3 aTOMOB. 
Mexc^y aTOMaMH cymecxByeT nycToe npocxpaHCTBo. B nacTHocTH, Torna CHHTa- 
jih, hto MexcnnaHeTHoe npocTpaHCTBo abjihctcx nycTbiM. B hcm h pacnpocTpaHJi- 
erefl CBex ot He6ecHbix Ten b bhac noTOxoB CBexoBbix HacTHq. rioaxoMy BnojiHe 
ecxectBeHHO, hto b XVII b. 6wno mhoto 4>h3hkob, KOTOpbie npHAepxcHBajiHCb 
xopnycxyjixpHOH xeopHH CBeTa. 

B XVII b., xax Mbi yxce cxa3ajiH Bbime, HaHHHaeT pa3BHBaTbc« h npeACTaBjie- 
HHe o bojihoboh npHpofle CBeTa. 

PoAOHanajibHHXOM bojihoboh TeopHH CBeTa HyxcHo CHHTaTb ^exapTa. ^exapT 
6bui npoTHBHHKOM cymecTBOBaHHJi nycToro npocTpaHCTBa. B cb«3h c othm oh He 




YpoK 60 . Pa 38 umue e 32 fwdoe Ha npupody ceema 


169 


Mor cnnxaxb CBer noxoKOM CBexoBbix nacxHn. CBex, no JJexapxy, axo Henxo Bpo- 
Ae ABBJieHHfl, nepeAatomeroca nepe3 xoHKyio cpe^y ox CBexa meroca xena bo Bee 
cxopoHw. Ecah xejio narpexo h cbcthtca, xo 3 xo 3naHHx, hto ero nacxHijbi Haxo- 
Aaxca b abhjkchhh h oKa3UBaiox AaBJieHne Ha HacxHijbi xoh cpeAbi, KoxopaJi 3a- 
nojiHJiex Bee npocxpaHCXBO. 3xa cpe^a nojiynHJia Ha3BaHHe 3<j)Hpa. ^aBJieHHe 
pacnpocTpaHsexca bo Bee cxopOHbi h, aoxoah ao rjia3a, Bbi3bmaex b hcm oinyme- 
Hne CBexa. 

TaxoBa xoHxa 3peHHa /Jexapxa Ha npwpOAy CBexa. HyxcHo xojibKO oxMexnxb, 
hxo b CBoeM coHHHeHHH, nocBflineHHOM cneimaAbHo onxHKe, ^exapx nojib3yexcj* 
h KOpnycxyAJipHOH rnnoxe30H. Ho axo, icaic oh caM roBopnx, cAeJiaHO AJia xoro, 
Mxo6bi ero paccyacAeHHa 6mah 6ojiee nOHaxHbi. IIoaxoMy He npaBbi xe, kxo Ha 
ocHOBe xojibKO axoro cohhhchhx 3aHHCJuiex JJexapxa b cxopohhhkh KOpnycicy- 
jiflpHott xeopHH CBexa. yneHbie XVII h XVIII bb. 3xo xopoiuo noHHMajin h chh- 
xann JJexapxa pOAOHanaAbHHicoM boahoboh xeopHH cBexa. 

KoHeHHo, y ^exapxa Hex eme npe AcxaBJie h ha o CBexoBbix BOJTHax. Oh npeA- 
cxaBARex ce6e CBex icaic pacnpocxpaHaiomeeca ABuxcenne, hjih HMnynbc b 3 4) npe. 
Ho He 3xo BaacHo. BaacHbiM aBAaexca xo, hxo ^exapx paccMaxpHBaex CBex yace He 
Kax noxoK nacxHH, a xax pacnpocxpaHeHHe AaBAenna, hjih abhacchhc HMnynbca 
h x. n. 

/Jexapx npHiueji k oxxa3y ox KopnycKyaapHOH xeopHH CBexa hhcxo yM03pn- 
xejibHbiM nyxeM. HnxaKHx onbixHbix AaHHbix, xoxopbie roBopHJin 6bi 3a boaho- 
Byio xeopHio CBexa, xorAa eme He 6 mao. nepBoe oxKpbixne, CBHAexejibcxByiomee 
o boahoboh npnpOAe CBexa, 6biJio CAenaHO nxaji ba hckhm yqeHbiM OpaHHecxo 
TpHMajibAH (1618-1663). Oho 6bnio ony6nHKOBaHO b 1665 r. nocAe cMepxH 
yneHoro. 

TpHMaAbAH 3aMexHA, hxo ecAH Ha nyxH y3Koro nynxa CBexoBbix Aynen no- 
cxaBHXb npeAMex, xo Ha 3KpaHe, nocxaBAeHHOM C3aAH, He noAyqaexca pe3K0H 
xeHH. Kpax xeHH pa3Mbixu, xpoMe xoro, BAOAb xeHH no»BA»ioxcA qBexHbie noAO- 
cbi. OxKpuxoe ABAeHHe TpHMaAbAH Ha3B8A AH<|)paKUHeH, ho 06'bACHHXb ero npa- 
BHAbHo He cyMeA. Oh noHHMaA, hxo Ha6AioAaeMoe hm abachhc hbxoahxca b 
npoxHBopeHHH c 3aKOHOM npHMOAHHeHHoro pacnpocxpaHeHHa CBexa, a BMeexe c 
xeM h c KOpnycxyAJipHOH xeopneH. OAHaKo oh He peuinnca noAHocxbio oxxa- 
3aTbca ox 3 xoh xeopHH. . 

CBex, no TpHMaAbAH, pacnpocxpaHaiomHHCA cbcxoboh (Jjaioha (xoHxaa He- 
omyxHMaa HCHAxocxb). KorAa CBex Bcxpenaexca c npenaxcxBHeM, xo oho Bbi3bi- 
Baex boahu axoro <Jjak>haa. TpHMaAbAH npHBeA aHariorHio c BOAHaMH, pacnpo- 
cxpaHaiomHMHca no noBepxHocxn boau. IIoao6ho xOMy Kax BOKpyr xaMna, 
6pomeHHoro b bo Ay, o6pa3yexca BOAHa, xax h npenaxcxBHe, noMemeHHoe Ha 
nyxH CBexa, Bbi3biBaex b cbcxobom <t>AK)HAe boahu, Koxopue pacnpocxpaHaioxca 
3a rpaHHUbi reoMexpHHecicoH xeHH. 

BxOpbIM Ba>KHbIM OXKpbIXHeM, OXHOCAIAHMCA K <}>H3HHeCKOH ormnce, 6bIAO 
oxKpuxHe HHxep4>epeHUHH CBexa. IIpocxoH onbix no HHxep4>epeHUHH CBexa Ha- 
6AioAaA TpHMaAbAH. Onbix 3axAioHaexca b cAeAyioiueM: Ha nyxH coahchhux 
AyHeii cxaBax axpaH c AsyMa 6ah3khmh oxBepcxHAMH (npoAeAaHHbiMH b cxaBHe, 
3aicpbiBajomeH okho); nOAynaiOTCfl ABa KOHyca CBexoBbix jiynen. IIoMemaa axpaH 
b xom Mecxe, rAe 3xh Konycbi HaxAaAWBaioxcji Apyr Ha Apyra, 3aMenaiOT, hxo b 
Hexoxopbix Mecxax ocBemeHHocxb axpaHa MeHbme, neM ecAH 6bi ero ocBemaA 
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TOJlbKO O^HH CBeTOBOH KOHyC. H3 3T0r0 OnbITa rpHMaJTb^H C,aeJiaJT BbIBOA, HTO 
npHOaBjieHHe CBeTa k CBery He Bcer.ua yBejiHHHBaeT ocBeiueHHOCTb. 

J^pyroH cjiynan HHTep4>epeHUHH npHMepHO b Te ace ro^bi HccjteAOBajr aHr- 
jihhckhh 4>h3hk Po6epT Tyx (1635-1703). Oh voynaji UBeTa MbuibHbix njieHOK h 

TOHKHX OnaCTHHOK H3 CJIIOAbl. IlpH 3TOM OH oGHapyXCHJT, HTO 3TH UBeTa 33BHCBT 
OT TOJTIUHHbl MbIJIbHOH nJieHKH HJIH CJTIOAHHOH nJiaCTHHKH. 

Tyx no/jomeji k H3yneHHio 3thx HBueHHH c npaBHjibHOH tohkh 3peHHH. Oh 
nojiaran, hto cBeT - 3to KOjre6aTejibHbie abhxcchhh, pacnpocTpaHHioiuHecfl b 
3([)Hpe. Oh Aaxce CHHTajr, hto 3th KOJie6aHHH hbjihiotch nonepenHbiMH. 

5lBJieHHe HHTep<j>epeHUHH csera b tohkhx njieHKax TyK oSt-scurr tcm, hto 
ot BepxHeil h hhxchch noBepxHOCTH tohkoh, HanpHMep MbuibHOH, nueHKH npo- 
hcxoaht 0Tpa)KeHHe CBeTOBbix bojih, KOTopwe, nonaAax b rjra3, np0H3B0A«T 
oiuyiueHHe pa3JiHHHbix ubctob. OAHaxo y TyKa He 6biJio npaBHJibHoro npeucTaB- 
neHHR o tom, hto Taxoe UBer. Oh He CB»3MBaji ubct c nacTOTOH KOJie6aHHH hjih c 
AJIhhoh BOJiHbi, noaTOMy He CMor pa3pa6oTaTb Teopmo HHTep(J>epeHUHH. 

TpeTbe BaxcHoe oTKpbroie, oTHOcaiueecfl k bojihoboh onTHKe, 6bino cAenaHo 
AaTCKHM yneHbiM EapTOJiHHOM b 1669 r. Oh OTKpbUi XBjieHHe abohhoto jiyne- 
npejiOMjreHHH b xpHCTajme HCJiaHAcxoro mnaTa. EapTOJiHH ofiHapyxcnji, hto ecJiH 
cMOTpeTb Ha KaKOH-jTH6o npe^MeT nepe3 KpHCTajiJT HCJiaHACKoro mnaTa, to bha- 
ho He oaho, a ABa H3o6paxceHna, CMeiueHHbix Apyr othochtcjibho Apyra. 3 to 
BBJ ieHHe 3 aTeM HccjieAOBajr TiOHreHC h nonbiTajicx AaTb eMy oSbrchchhc c tohkh 
3peHHB bojihoboh TeopHH cBera. 

CjieAyfOiUHH mar b pa3BHTHH bojihoboh TeopHH CBeTa 6biJi CAejiaH nonreH- 
com. TioHreHc paSoTaji HaA bojihoboh TeopHen CBeTa b 70-x rr. XVII b. B 3T0 
BpeMH oh HanncajT «TpaicraT o cBeTe», coAepxcaHne KOTOporo aojioxchji FlapHXc- 
ckoh aKaAeMHH Hayx. OAHaxo ony6jiHKOBaHO 3to cohhhchhc 6buio no3xce, yxce 
nocjie Toro xaK ctbjth H3BecTHbi paGoTbi HbiOTOHa no onTHKe. 

rionreHC nojiaraji, hto Bee MHpoBoe npocTpaHCTBo 3anojiHeHO tohkoh He- 
omyTHMOH cpeAOH - 34mpoM, kotopwh coctoht H3 OHeHb MajieHbKHX ynpyrHx 
mapHKOB. 3(j)Hp Taicxce 3anojiHaeT npocTpaHCTBo Me)KAy aTOMaMH, o6pa3yiomH- 
mh o6biHHbie Tejia. 

PacnpocTpaHeHHe CBeTa, no HonreHcy, ecTb npouecc nepeAanH abhxcchhh ot 
uiapHKa k uiapHKy, noAo6HO TOMy Kax pacnpocTpaHaeTCfl HMnyjibc BAOJib CTajib- 
hux mapoB, conpHKacaioiuHxcji Apyr c ApyroM h BbiTBHyrbix b oAHy jihhhio. 

BbiABHHyB Taxyio rnnoTe3y o CBeTe, nonreHC nocBHTHJi ocHOBHyio nacTb 
CBOeH pa6oTbl ofiBHCHCHHIO H3BeCTHbIX 3 aKOHOB OnTHKH: 3aKOHa npHMOJIHHeHHO“ 
ro pacnpocTpaHeHHB CBeTa, 3axoHOB OTpaxceHHH h npeJiOMjieHHa. 

/(eJIO B TOM, HTO B TOT nepHOA OT BCHKOH TCOpHH CBeTa Tpe6oBajiocb B nep- 
Byio onepeAt ofiBHCHurb 3th xopomo 3HaxoMbie BceM 3axoHbi ohthkh. 3Ty 3aAa- 
ny xopomo BbinojiHHJia KopnycKyjiapHaa TeopHH CBeTa. Ho bot moxcct jih cnpa- 
BHTbCH C HCH BOJIHOBBH TeopHH? 

BeAb ecjiH CBeT npeACTaBJixeT co6oti pacnpocTpaHJnomeeca abhxcchhc b 
3<J)Hpe, TO KaK MOXCHO oG’bHCHHTb 3aKOH npHMOJIHHeHHOTO pacnpOCTpaHeHHH 
CBeTa? Jlp* 3Byxa, HanpHMep, bojihoboh npHpoua KOToporo 6bina hchb, takoh 
3axoH, xa 3 ajiocb, He cyiuecTByeT. AencTBHTeJibHo, ecjin MexcAy Ha6jnoAaTejieM h 
3BynaiuHM tcaom nocTaBHTb HeSojibrnoil 3KpaH, to bcab see paBHO HaSjnoAaTeJib 
6yAeT cjibimaTb 3ByK. Ho ajih CBeTa 3 to HeBepHo. npaBAa, xBJieHHe AH(])paKuHH 
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ywe oTKptrro, ho 3to, okchl Manun 3 <J)(f>eKT h na Hero moxcho He oOpaiqaTb 
BHHMamia. 

Jifl* Toro hto 6 u noKa3an», hto bojihobm TeopHH cnoco6Ha o 6 i>HCHHTb npflMO- 
jiHHeiiHoe pacnpocrpaHeHHe ceeTa, nofireHC BbiABHraer cboh H3BecTHbiH npHH- 
uwn. IlpHBefleM 4>opMyjiHpoBKy 3Toro npHHunna, AaHHyio cbmhm T fOHreHCOM. 

«Ilo noBO^y npouecca o 6 pa 30 BaHH» 3 thx bojih CJie^yeT eme OTMerHTb, hto 
K axcuaa Hacrnua BemecTBa, b kotopom pac n pocTpaH a ctch BOjiHa, AOJDKHa coo 6 - 
ujaTb cBoe ^BHxceHHe He TOJibKO 6 jiHxcaHiiieH nacTHue, Jiexcamew Ha npOBeAeH- 
hoh ot CBeT«meHC» tohkh npflMoti, ho hco6xoahmo coo 6 maerr ero TaioKe h bccm 
A pyntM HacTHnaM, Koropue xacaiOTca ee h npenaTCTByiOT ee abhxcchhio. TaKHM 
oOpaaoM, Boicpyr kawaoh nacrHUbi AOjixcHa o6pa30BaTbc« BOjiHa, ueHTpoM koto- 
pOH OHa 5 iBjwerc«». Ho KaxcAax H3 3 thx bojih Hpe 3 BbinaHHO cjiaOa, h cbctoboh 
3<J>4>eKT Ha 6 jiH>AaeTC» TOJibKO TaM, rAe npoxoAHT hx ornfiaioinaH. 

Ho AJUI npH3HaHHH BOAHOBOH TeOpHH CBCTa 3TOFO 6 bIAO MaJlO. flBACHHfl AH- 
4 >paKUHH h HHTep4>epeHUHH He 6 mah o 6 i>jicHeHbi nonreHcoM. Ho rAaBHax He- 
yAana reopHH HoHreHca 3aKAH>Hanacb b tom, hto OHa 6 uAa Teopnen 6 ecuBerHO- 
ro CBera. Bonpoc o uBeTe b Hew we paccMaTpHsanca, a k TOMy BpeMeHH HbiOTOH 
cAeAan HOBoe BaxcHoe OTKpbiTHe b onTHKe - oh oSnapyxcwi AHcnepcwio CBeTa. 

flpexcAe neM nepeirrH k H3JioxceHHio aroro oncpbiTHsi, cxaxceM eme 06 oahom 
baxchom uiare b pa3BHTHH oitthkh - nepBOM onpeAeAeHHH cxopocTH CBera. 

BnepBbie cxopocrb csera 6buia onpeAejieHa astckhm acrpoHOMOM PeMepOM 
b 70-x ri\ XVII b. J\o 3Toro BpeMeHH cpeAH yneHbix cymecrBOBajio A»a npOTH- 
BonoAoxcHbix MHennx. Oahh nonarajiH, hto cxopocTb CBeTa 6 ecKOHenHO BeAHica. 
JJpyme xce xom h chhtajih ee oneHb OoAbiuoH, TeM He MeHee, kohchhoh. 

PeMep noATeepAHA BTOpoe much He, npOBeA« Ha 6 nioAeHHH HaA 3 aTMeHHew 
cnyTHHKOB lOnHTepa. H3MepHB BpeMeHa hx 3aTMeHH«, oh CMor H3 noAyneHHbix 
AaHHbix noACHHTaTb cKopocrb pac n pocrpaH eiiHfl caera. llo ero noAcneTaM, cko- 
pocTb cseTa nojiyHHjiacb paBHofi 300870 km/c b coBpeMeHHbix eAHHHuax. 


YpoK 61 * OnwTHoe onpe^ejieHHe cKopocTH caeTa 

Ufejib: no3HaKOMHTb ynamHxcji co cnoco6aMH HaxoxcACHHB cKopocTH 
ceera. 


Xojx ypoKa 

L OpraHH3ai|HOHHbIH MOMeHT 

II. IIOBTOpeHHe 

- KaKOBa npHpoAa CBera? 

- Kto npHAepacHBajica KOpnycKyjwpHOH TeopHH cbcth? 

- Kto npHAepxcHBanca boahoboh TeopHH csera? 

- Hto H3ynaer oirruKa? 

Kaieae pa 3 AeAM oitthkh bbi 3 Haere? 

- Hto H3ynaer reoMeTpHnecKaa onTHKa? 
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III. H 3 yneHHe HOBoro MaTepnaJia 

O^Ha H3 nepBbix nonuTOK no H3MepeHHio cKopocm cBeTa npHHaajie- 
>kht r. rajiHJieio. Ha BepmHHax AByx xojimob Ha paccToaHHH 1,5 km apyr 
ot apyra Haxo/uuiHCb HaGjnoaaTejiH c (j)OHapaMH. riepBbiH noaaBaJi cnr- 
Hanbi apyroviy Ha6jnoAaTejno } KOTopbiH, yBHaeB cbct, nocbman cbohm 
4>OHapeM cnmanbi oGparao. IlpoMe>KyTOK BpeMeHH Me>KAy nocbuiKaMH h 
npweMaMH cnrHanoB nepBbin Ha6jnoAaTejib H3MepflJi no nncjiy yaapOB 
nyjibca. BpeMa nojiynaaocb KOHenHbiM, ho oneHb MajibiM. Ho rauHJieH 
nonaji, hto 3aaep>KKa oTBeTHoro cwmajia cBa3aHa co cxopocTbio peaxuHH 
MbimeHHOH cHCTeMbi nejioBeKa, a He c kohchhoh cKopocTbio CBeTa. no- 
nbiTKa He 3aBepuiHJiacb ycnexoM, noTOMy hto bo BpeMena T. Tajinaea He 
6ujio cnoco6oB H3MepeH«a Majibix npoM oxyTKOB BpeMeHH. 

CxeMa, npejjjio^KeHHaa raaHJieeM, b cBoefi npHHUHnHajibHOH nacra 
coBna^aeT co bccmh nocjieAyiomHMH npaMbiMH H3MepeHHJiMH CKopocra 
pacnpocTpaHeHHa CBeTa. 

PeMep, nepBbin b HcropHH HayKH, onpe^ejinn cxopocTb CBera, B 1676 r. 
PeMep 6bui acTpoHOMOM, h ero ycnex o6T>BCHaeTca hmchho TeM, hto 
npoxoAHMbie cBeTOM paccTOHHHH, 6biim oneHb bcjimkh. 3to paccTOBHna 
Me^ay naaHeTaMH cojiHenHofi CHCTeMbi. 

Oh Ha6jno,aaji 3arMeHHe cnyTHHKOB lOnHTepa. JOnHTep HMeeT mho- 
)KecTBO (BoceMHa^uaTb) cnyTHHKOB. 06i>eKTOM HayneHHfl PeMepa CTaJi 
cnyTHHK Ho. Oh BH^eji, xax cnyTHHK npoxoAHJi nepeA miaHeTOH, a 3a- 
TeM yxo^HJi b ee TeHb. nocjie noaBJiancH, kslk SyzjTo «3a>Kniacb jiaMna». 
npoMe^cyTOK OKaaaucfl paBHbiM 42 h 28 mhh. B Hanajie H3MepeHwa npo- 
BOAHJiHCb, Koraa paccToaHHe Me)KAy 3eMjieii h lOnHTepoM 6buio MaxcH- 
MajibHbiM. 3aTeM nepe3 nojiro^a, Kor^a 3eMJia y^ajiaaacb ot lOnHTepa Ha 
AHaMeTp CBoefi op6nTbi. CnyTHHK ona3AbiBaa noaBiwiTbca Ha 22 mhh. 
3Haa paccTOHHHe, KOTopoe Bbi3Bajio ono3AaHHe (AHaMeTp op6HTbi 3eM- 
JIH), M05KH0 6blJIO paCCHHTaTb CKOpOCTb CBeTa. 

CxopocTb OKa3auacb oneHb 6oAbmoii - 215 000 km/c. 3th pe3yjibTa- 
Tbi o6jia^aioT ManoH tomhoctbio, BCJieACTBHe HeTOHHoro 3HaHHa pa^nyca 
op6HTbi 3eMJiH. Taxaa Gojibiuaa cxopocTb He AaeT bo3mo)Khocth ycTaHO- 
BHTb BpeMa pacnpocTpaHeHHa Mexcay a ByM« TOHKaMH Ha 3eMJie b 3Kcne- 
pHMeHTax T aaHJiea. 

OTKpbiTne PeMepa noATBepAHJio yneHHe KonepHHKtf o ABHaceHHH 
3eMJiH. Oh nepBbiM aoKa3an, hto cKopocTb CBeTa BenHKa, ho Bee >xe ko- 
HenHa. 

B 1849 r. cDh 30 BnepBbie onpeaeiiHJi cxopocTb CBeTa aa6opaTopHbiM 
MeTOAOM. 

B ero onbiTax cbct naaau ot HCTOHHHKa Ha nojiynpo3paHHyio mia- 
CTHHy. npeaBapHTejibHO cbct npoxoAHJi nepe3 jimrey. nocne OTpa>KeHHS 
ot njiacTHHbi HanpaBJiBac« Ha 6biCTpo Bpamaiomeecfl KOJieco, KOTopoe 
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HMeuo 3y6tfl. npoitaji Me>KAy 3y6bflMH, cbct AOCTHraji 3epKajia, KOTopoe 
HaXO^HJIOCb B HeCKOJIbKHX KHJIOMeTpax OT KOJieca. OTpa3HBUIHCb OT 3ep- 
xajia, CBeT, npe^cae neM nonacTb b rjia3 Ha6jiK>AaTejia, aojihcch 6biJi 
onHTb npoHTH Me>K^y 3y6baMH. Kor^a KOJieco Bpamajiocb MeAJieHHO, 
cbct oxpa^ceHHbiH ot 3epKaJia, 6hji bhach. npn yBejiHHeHHH cxopocTH 
KOJieca oh nocTeneHHO Hcne3aji. rioneMy? 

Kor^a CBeT, npoweAWHH Me^y AByMa 3y6uaMH, rneji ao 3epKajia h 
oGpaTHO, KOJieco ycneBajio noBepHyTbcs Tax, hto Ha mccto npope3H 
BCTaBaji 3y6eu h cbct nepecraBaji 6biTb bhahmbim. Flpn AaiibHeiiiiieM 
yBejiHHeHHH ckopocth BpameHHa cbct onjiTb craHOBHjicji bhjjhmhm. 3a 
BpeMH nyTemecTBHH cBera ao 3epKana h o6paTHO KOJieco ycneBajio no- 
BepHyTbCH HacTOJibKO, hto Ha MecTO npe^KHew npope3H BCTaBajia y>Ke 
HOBaa npope3b. 3Haa sto BpeMA h paccTOHHne Meacay KOJiecoM h 3epxa- 
jiom, mohcho onpe^ejiHTb cKopocTb CBeTa. B onwTe <&mo cxopocTb cseTa 
noJiyHHJiacb 3 1 3 000 km/c. 

BbiJio pa3pa6oTaHO mhohccctbo Apyrwx, 6onee tohhhx jia6opaTop- 
HblX MeTOAOB H3MepeHHH CKOpOCTH CBeTa. EblJia H3MepeHa CKOpOCTb CBe- 
Ta b pa3JiHHHbix npo3panHbix semecTBax. CKopocTb CBera b Bojie 6biJia 
H3MepeHa b 1856 r. OHa 0Ka3ajiacb b 4/3 pa3a MeHbrne ckopocth CBeTa b 
BaKyyMe. 

no coBpeMeHHbiM ztaHHbiM, CKopocTb cseTa b BaKyyMe paBHa 299 792 
458 m/c. OwH6Ka b H3MepeHHnx He npeBbimaeT 0,3 m/c. BoJiee TOHHbie 
MeTOAbi ocHOBaHbi He Ha H3MepeHHH BpeMeHH, a Ha H3MepeHHH nacTOTbi 
H AJIHHbl 3JieKTpOMarHHTHOH BOJIHbl. 

B 1983 r. Ha 3aceAaHHH TeHepajibHOH KOH^epeHUHH Mep h BecoB 
6buio npHHHTO HOBoe onpeAejieHHe MeTpa: «MeTp ecTb .zyrnHa nyTH, 
npoHAeHHoro cbctom b BaKyyMe b TeneHHe BpeMeHHoro HHTepBajia, paB- 

Horo C». H3 3TOTO CJieAyeT, HTO CKOpOCTb CBeTa npHHHMa- 

299 792 458 ^ F 

eTCii tohho paBHOH 299 792 458 m/c. 3to cAejiaHo jy ia toto, hto6m xaac- 
AbiH pa3 He MeHHTb onpeAejieHHe MeTpa no Mepe yBejiHHeHHH tohhocth 
H 3MepeHH8 paCCT0HHH8. 

(YHHTejib ACMOHCTpnpyeT iciaccy cxeMy onbrroB PeMepa, Oh 30 , 
ManKejibcoHa.) 

III. 3aKpenjieHHe MaTepnajia 

- MeMy npH6jiH3HTejibHO paBHa cxopocTb CBeTa b BaKyyMe? 

- 06i»HCHHTe MeTOAbi onpeAeneHiw ckopocth CBera PeMepa, <Dh3o 
h ManKejibcoHa. 

IV. IIoABeAeHHe htotob ypoxa 
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^OMauiHee la/jaime 

n. 59. 

P- 1005; P- 1000; P- 1007. 

^onojiHHTejibHUH MaTepHan 

6Horpa(|»ira h AenTejibHocTb yneHoro 

OjiatJ) (Oae) PeMep po^wicji b Mecrenice Aapry3C b KhaaHAHH 25 ceHmSpa 
1644 r. b ceMbe He oneHb yAa*uiHBoro icynua. HawaabHoe o6pa3oeaHHe ManbHHK 
noayHHJi b mccthoh co6ophoh uncoae, a c 1662 r. npo/toJiXHJi yne6y b KoneHra- 
reHCKOM yHHBepcHTere. CHanajia oh H3ynaa MeAHUHHy, a 3aTeM craji yneHHKOM 
3pa3Ma BapToaHHa, noa pyKOBOACTBOM KOToporo 3aH»ac» 4>h3hkoh h acrpoHO- 
MHefi. OTHomeHHB yneHHKa h yHHTena 6uah eecbMa 6jih3khmh: One jkhjt b aomc 
BaprrojiHHa, a nepe3 HeKcrropoe BpeMx craa ero 3JrreM. 

K TOMy BpeMeHH, icoraa riHKap npH6uji b ./JaHHio, oficepaaTOpHa Bpare 6bijia 
noHTH nojiHocTbio pa3pyuieHa. TeM He MeHee, c noMouibio wcicycHbix noMOiuHH- 
kob FlHKapy yaaaocb npoaecTH 3armaHHpoBaHHbie Ha6jno^eHH». Ha 4>paHqy3- 
CKoro acrpoHOMa, no-BHAHMOMy, npoH3BejiH 6ojibuioe BneHaraeHHe 3Heprnsi h 
cnoco6HocTH MojiOAoro AaTHaHHHa. B 1671 r. IlHKap peuinji npnrnaCHTb ero bo 
(DpaHUHio An* pa6on>i b llapHXccKOH o6cepBaropHH. PeMep npHHftn npHniaiue- 
HHe TlHKapa. Ilocjie nepee3.ua b fIapn>K, KpOMe HenocpeACTBeHHbix o6«3aHHO- 
creii coTpyaHHxa o6cepBa"ropHH, Ha Hero B03JiaraeTC« eiue oaho OTBercTBennoe 
nopyneHHe - oSyneHHe MaieMaTHKe HacaeAHHica <|)paHuy3CKoro npecroaa. Ho 
3thm He orpaHHHHBaeTca AexrejibHOCTb PeMepa. B napwxce oh 3aHHMaeTC* pa3- 
HOo6pa3HbiMH HHxceHepHUMH npo6aeMaMH, b nacTHocTH, yMacrByeT b ycrpoiicT- 
Be (^oHTaHOB b Bepcaae h MapJiH. B o6jiacTH acTpoHOMHH noaynaiOT H 3 Be<rr- 
HOCTb H3o6peTeHHbie HM nJiaHHC<j)epbl - MOAeJIH, C nOMOlUblO KOTOpbJX MOXCHO 
6biao npocneAHTb 3a abh^kchhcm oAHoro He6ecHoro Teaa BOKpyr Apyroro; naa- 
HHccJiepa lOnuTepa (HoBHaa6nyM) cwrpaaa 3HaHHTenbHyio poab b onpeaeaeHHH 
HeperynapHOCTeH b bhahmwx ABHXceHHax cnyTHHKOB lOnHrepa. Oahhm caoBOM, 
b flapHxce PeMep cpa3y npHcrrynHa k aKTHBHofi naynnoH pa6oTe. Byaynw co- 
TpyAHHKOM KaccHHH, oh HeH36excHO 3aHJiaca peuieHHeM 3aAaw, HHTepecoBaBiiiHx 
pyKOBOAHTeaji o6cepBaropHH. I lpoanajiH3HpoBaB pe3yabTaTbi MHoroaerHHX Ha- 
6aiOAeHHH, AaTCKHH acrpoHOM b ceHT*6pe 1676 r. BbiCTymm nepea naeHaMH 
flapHxccKOH AxaAeMHH Hayic c AOtcnaaoM, b xoropoM npeacica3an, hto 3ajMeHHe 
nepeoro cnyTHHxa lOnHTepa, xoropoe aoaxcHO 6uao no pacMCTaw npOH30HTH 9 
HOJi6p« to ro ace roaa b 5 h. 25 mhh. 45 c, b AeHCTBHreabHOCTH 6yaeT na6aio 
AaTbca Ha Aec*Tb MHHyT no 3 )*ce. 3ro 3ana3AbiBaHHe oh o&bsicHHa KOHenHOCTbio 
CKOpocTH pacnpocTpaHeHHH cBera: no mhchhio PeMepa, CBery hco6xoahmo oko- 
ao 22 MHHyT, htoSm npOHTH paccTO«HHe, pas hoc AHaMeTpy 3Cmhoh op6HTbi. 
Ha6aioAeHHe HoaSpbCKoro 3 aTMeHH« 6aecTsuie noATBepAHao npeAcica3aHHe 
yneHoro. 3to aaao eMy B03M0acH0CTb BbicTynHTb 21 HO*6pa Toro ace roaa c aok- 
aaAOM o cbohx HaGaioAeHiux h BbiBoaax H3 hhx. B aexaGpe HuioaceHHe AOKaaaa 
6biao HanenaTaHO b «^CypHaae yneHbix» - nepBOM b hctophh nepHOAHnecKOM 
HayHHOM h3a<ihhh, BbixoAHBiiieM b napHace. JleTOM 1677 r. nepesoA pa6orbi 
PeMepa 6bia ony6aHKOBaH b «OHaoco<J)CKHx Tpyaax» JIohaohckoto KopoaeB- 
cKoro o6mecTBa. 
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HaxoacAeHHe PeMepa bo OpaHUHH ocjro>xHajiocb AfiyMa (})aKTOpaMH. Bo- 
nepBux, 4>opMa^bHO oh He 6bui hjichom FIapH>xcxoH AxaAeMHH Hayx (oh cTajr ee 
HHOCTpaHHbIM HJICHOM JIHUIb B 1699 T., B OflHH rOA C HbJOTOHOM). Bo-BXOpbJX, 
PeMep 6bui npOTecTaHTOM. Ero npe6biBaHHe b xaxoJiHHecxon OpaHijHH xepnenH, 
noxa fleficTBOBaji Tax HaabiBaeMbifi HaHxcxHH sahxx, noAnncaHHbifi xoponeM 
OpaHqHH TeHpHXOM IV b 1598 r. h perjiaMeHTHpOBaBiiiHH B3aHMOoxHomeHHa 
npoTecxaHTOB h xaxojiHKOB. B KOHue 70-x roAOB XVII Bexa nojiHTHHecxaa h 
pejiHrH03Ha5i oScxaHOBxa bo OpaHqHH cTajia MeHaxbca, BCJieACXBHe nero nojio- 
>xeHHe yneHbix-npoxecxaHXOB nepecTajio 6biTb nponnbiM, h ohh cxajin noxH^axb 
cxpaHy. ^a>xe xaxoMy BbmaiomeMyca yneHOMy xax rionreHC, OAHOMy H3 nepBbix 
HjieHOB IlapH)KCXOH Axa^eMHH Hayx h ee 4>axxHHecKOMy pyxoBOAHTejiio, npH- 
rnjiocb yexaxb Ha poAHHy, b rojuiaHAHio. PeMep He cxaji AOxcHAaxbca oxMeHbi 
HaHxcxoro 3£Hxxa (1685 r.) h b 1681 r. BepHynca b KoneHrareH, r^e eMy AaBHO 
npe,njiarajiH xa^e^py MaxeMaxwxH h 3BaHHe npo<{>eccopa cxonHHHoro yHHBepcn- 
xexa. B AaAbHeHiueM cy^b6a PeMepa oaiaAMBajiacb BecbMa Heo6wHHO. 

Bcxope nocne B03BpameHHa yneHOro Ha pOAHHy (1681 r.) AaxcxHH xopojib 
XpHCXHaH V Ha3HanHJi ero xoponeBCKHM acxpOHOMOM. EnaroAapfl axoMy PeMep 
nojiyHHJi B03M0HCH0cxb nojibaoBaxbCJi oScepBaxopnen, pacnonaraBiueHca b 
Kpyrjiow 6auiHe h ocHOBaHHOH b nepBOH nonoBHHe XVII b. Kopojib Bcxope no- 
hjiji, HacxoJibxo cBeAymnfi b xexHHxe nenoBex HaxoAnxca y Hero Ha cny>x6e, h 
Ha PeMepa nocunajica noxox Ha3HaneHHH. Flo nopyneHHFO xopojia oh BbinojiHaji 
MH0)xecxB0 nopyneHHH HHaceHepHoro xapaxxepa (6bui cMOxpwxejieM AOpor xo- 
poneBcxBa, 3aHHMajicH BonpocaMH cxponxejibcxBa nopxoB h x.a.). 

Ho PeMep 6bui He xojibxo npexpacHbiM acxpoHOMOM h HH)xeHepOM, oh, no- 
BHflHMOMy, o6jiaaaji He3aypa^HbiMH opraHH3axopcxHMH cnoco6HocxaMH. Oh 
pa3pa6oxajr HOByio cwcxeMy Hajioroo6jio>xeHHa, pa6oxan b HecxojibXHx rocyaap- 
cxBeHHbix Be^oMCXBax, b xom HHCJie 6btJi M3pOM KoneHrareHa b 1705 r. Bhahmo 
SnaroAapji 3xhm cnoco6HOcxaM OpeAepnx IV, cmchhbihhh Ha asxcxom npecxone 
xopojui XpHcxwaHa V, CAejian PeMepa ceHaxopOM, a 3axeM h niaBOH Tocy^apcx- 
BeHHoro coBexa. Kaacexca, hxo b xaxwx ycnoBHax npocxo Hexor.ua 6buio aaHH- 
MaxbcB HayxoH. Ho Hex, >KHBa Ha poAHHe, PeMep HHnyxb He ocjia6HJi cBoefi Ha- 
ynHOH axxHBHoexH. Eojiee xoro, oh Aaxce pacuiHpnji ctj)epy ee npHMeHeHHa. 

riocJie cMepxH PeMepa b ero jihhhoh o6cepBaxopHH 6biJio Haw^eHO 54 H3o6pe- 
xeHHbix hm HHexpyMeHxa. Ba>XHeHiiiHMH H3 hhx no npaBy cHHxafoxca nacca*cHbiH 
HHCxpyMeHx h MepH^HaHHbiH xpyr - npHSopu, Hcnojib3yeMbie Ana acxpoHOMHne- 
cxhx HaSjnoAeHHH h b Hainw ahh. 3a H3o6pexaxejibCKHH xanaHx PeMepa cnpaBeA- 
jihbo npo 3 BajiH «ceBepHbiM ApxHMeAOM». ABXopwxex PeMepa b Aejie opraHH3aunH 
acxpoHOMHHecxHx Ha6nK)AeHHH 6bm cxonb Bennx, hxo caM JlewOHHu o6pamaJica x 
HeMy 3a coBexaMH no Bonpocy ycxpowcxBa o6cepBaxopHH. 

O pe3yjibxaxax acxpoHOMHnecxHx Ha6jnoAeHHH PeMepa, cAenaHHbix b J\sl- 
hhh, H 3BecxHO Mano - 6ojibuiaa nacxb ero 3annceH cropejia bo BpeMa noacapa b 
1728 r.. Taxaa cyAb6a HacneAHa PeMepa xeM 6ojiee AocxoHHa coacajieHHa, xax 
xax no HexoxopbiM oueHxaM o6T»eM npoBeAeHHbix hm Ha6moAeHHH He ycxyna^ 
o6beMy Ha6jnoAeHHH Thxo Spare, ho HaBepHaxa ohh 6buiH BbinojiHeHbi c ropaa- 
AO 6ojibuieH xoHHOcxbio. Ta HHnxoxcHaa nacxb 3anHcen PeMepa, xoxopyio yAa- 
jiocb cnacxH npH no>xape ero npeAaHHOMy yneHHxy rinxepy Foppe6y, 6biJia 06- 
paSoxaHa HeMeuxHMH acxpoHOMaMH b cepeAHHe XIX b., hxo no3BOJiHJio onpeAe- 
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jiHTb nojTO^KeHHe 6ojiee 1000 3Be3A. 3to jihuihhh pa3 cBHAerejibCTByeT o 3HaHH- 
mocth Ha6jno,aeHHH BbiAaiomeroca AaTcxoro acTpoHOMa. He 3p« ero hmji 3aHe- 
ceHO Ha KapTy JlyHbi. 

PeMep yMep 19 ceHT»6p5i 1710 is TaK h He AOxcAaBiiincb noATBepacAeHHji ot- 
KpbiTRa, o6eccMepTHBiuero ero hmr. 

PeaKiiHn Ha OTKpbiTHe PeMepa b mhpoboh HayKe xoro BpeiueHH 

^aneKo He Bee coBpeMeHHHKH PeMepa ouchhah ero paSoTy nojioxcHTejibHO. 
Mu yxce 3HaeM, hto KaccHHH BbiciynHJi npoTHB o6bxcHeHH« 3ana3AbiBaHH« 3a- 
TMeHHH, flanHoro PeMepOM. Oh npeAAoacHJi mhokcctbo npHHHH, BCJie^cTBHe 
KOTOpbix MorjiH HaOjifo^aTbCJi 3 th 3ana3^biBaHHa. CpeAH hhx 6 biJiH h BbiTiwy- 
TOCTb op6HTbi cnyTHHKa, h HepaBHOMepHocTb ero abhxcchhx no op6nxe, Bbi3BaH- 
Haa HeH3BecTHbiMH npHHHHaMH. npH ny6jiHxauHH coOctbchhux AaHHbix no 
HaOjno^eHHjiM cnyTHHKOB lOnHTepa KaccHHH Aaxce peuiHjrcji o6'b«BHTb Te H3 
hhx, KOTopbie no^TBepxgiaJiH bbiboa PeMepa, «HeHa^excHbiMH». 

Ha oueHxe pa6oTbi PeMepa oTpHuaTejibHo cKa3ajracb «ceMeHCTBeHHOCTb», 
uapHBuiaa b FlapHXccKOH oOcepBaTopHH - Bee HjieHbi ceMbH KaccHHH 6 ujih Ha- 
CTpOeHbl npoTHB HfleH O KOHeHHOCTH CKOpOCTH CBera. rio-BH/tHMOMy, JIHIllb OflHH 
aoboa ceMencTBa KaccHHH 3acjryx(HBaji cepbe3Horo BHHMaHH* - OTcyTCTBne 
aHaJiorHHHbix hctko BbipaxceHHbix 3aKOHOMepHOCTen b abhxcchhh Apyrnx cnyT- 
hhkob IOnHTepa. Otbct Ha stot Bonpoc PeMep He Mor AaTb b cHJiy Hepa3pa6o- 
TaHHOCTH TeopHH ABH>KeHHX CnyTHHKOB 60 JIblIIHX njttHeT, HCnbITbIBaiOmHX B3a- 
HMHoe BjiHflHHe, - Be^b ero pa6oTa noiiBHJiacb 3 a AecxTb JieT ao BbixoAa b cbct 
hmotohobckhx «MaTeMaTHHecKHx Hanaji HaiypajibHOH {JjhjiococJwhw (1687 r.), b 

KOTOpbix 6bIJI C(J)OpMyjIHpOBaH 3BKOH BCCMHpHOrO TJirOTeHHJI. 

BbiBo^bi PeMepa 6biJiH nojroxcHTejTbHO BocnpHHjiTbi 3 a py6ex<oM: X. Tioh- 
reHCOM b FojuiaHAHH, H. HbioTOHOM, Ojicmcthaom, Jlxc. Bpa^fieeM, 3. Taji- 
jieeM b Ahhihh, T.B. JIcRGhhucm b TepMaHHH, h tojibko b CTpaHe, r^e 6buio 
c^eJiaHo OTKpbiTHe, - bo OpaHUHH, oho He nojiyHHJio npH3HaHH« no tcm xce npn- 
HHHaM, KOTopbie h BbiHy^HJiH PeMepa yexaTb Ha poAHHy. 

OKOHnaTejibHo no^TBep^HJi TeopHio PeMepa h OAHOBpeMeHHO chjiji B03paxce- 
hhx J^eKapTa acTpOHOM Bpe^iiH (1693-1762) b 1725 r., Kor^a oh, nbiTaacb hahth 
napajuiaxc HexoTopbix 3&e3A (bhahmoc H3MeHeHne nojio^eHHH He6ecHoro cBe- 
THJia BCJie^CTBHe nepeMemeHHH Ha6jno,qaTejia), odHapyacHJi, hto b CBoen Kyjib- 
MHHaqHH ohh KaacyTCH oTKJioHeHHbiMH k lory. Ha6jnofleHHJi, npoAOJixcaBuiHecji 
40 1728 r., noKa3ajiH, hto b TeneHHe roAa 3th 3Be3Abi KaK 6bi onncbiBaiOT 3ji- 
jinnc. Bpe^aH HHTepnpeTHpoBan 3 to HBjieHHe, Ha3BaHHoe b 1729 r. EBCTaxHeM 
MaH^pe^H a6eppauHefi, KaK pe3yjibTaT cjiohcchhji ckopocth cBeTa, HAymero ot 
3Be3AbI CO CKOpOCTbK) OpfiHTaJIbHOrO ABHJKeHHH 3eMJIH. 

PoSepT Mhjijihkch poAHJic» 22 MapTa 1868 roAa b uiTaTe Hjijihhohc b ceMbe 
CBJiiueHHHKa. Ero actctbo npomno a HeSontwoM, ctoabuicm »a 6 epery pevtM, 
ropoAKe MaKBOKeTa (urraT A hob a). «Moh OTeu h MaTb BocnnTajiH mecxepbix 
AeTefi - Tpex acbohck h Tpex Ma/ibHHKOB, xchbx Ha xcajiOBaHbe CBjmieHHHKa He- 
6 ojibuioro ropOAKa b Tbicany TpwcTa AOJiJiapoB b toa, - paccKa3biBaa oh. - Mbi 
HOCHJIH KOCTH>MbI H TUiaTbJI H3 CHHeH 6 yM£OKHOH TKBHH H XOAHJIH 60 CHKOM, Ha- 
HHHax c OKOHHaHHa uikojim b Mae h ao Hanajia 3aH«THH b ceHTsOpe. 3 hmoh Mbi, 
MaabHHKH, exceAHeBHo pacnwjiHBajiH Aec»Tb neTbipex^yTOBbix 6 peBeH. TaK npo- 
AOjnKaaocb ao Tex nop, noxa Mbi He HannjiHBajiH Aec»Tb kopaob (1 KopA = 3,63 
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Ky6oMeTpa) apoB. Bo BpeMa xaHHxyji no yTpaM mm aojdkhm 6mjih pa6oTaTb b 
easy, ho nocjie o6e^a y Hac 6mjio CBoOo^Hoe 8peM« jinx Hrp». 

fleTH nuaBajiH b pexe, nrpajin b 6eiic6oJi, jiBa pa3a b aeHb jiokjih KopoB, 
BCTaBajiH b TpH 4aca hohh, hto6m BCTpeTHTb 6po / aflnyio unpKOByio Tpynny, bm- 
yHHJiHct KpyTHTbca Ha caMO^ejibHMX napajureJibHMX 6pycbxx h HHKor^a He cjim- 
XaJlH O TOM, HTO B3pOCJIbIH HCJIOBeK M05KCT 3apa60TaTb ce6e Ha 3KH3HB, npOBOAH 
BpeMB B Jia6opaTOpHH H pa6oTaa Haq KaKOH-TO (|)H3HKOH. fijlX HHX CJIOBO «({>H3H- 
xa» CB«3MBajiocb c noHBTHeM o cjia6nTejibHOM (pa3r. «physic» - cJia6HTejibHoe). 

Kypc <J)H3hkh b cpeAHew uiKOJie MaKBoxeTM Beji caM AHpeicrop, KOTOpbin b 
JieTHHe MecBUbi 3aHHMajica maBHbiM o6pa30M noncxaMH no^eMHMX boa npH 
noMomn pa3;jBoeHHoro opexoBoro npyTHKa h yac bo bcjikom cJiynae He oneHb to 
BepHJi bo bcio 3Ty epyH.ny, HanenaTaHHyio b yne6HHKe: «Kax 3to mojkho H3 bojih 
c^ejiaTb 3ByK? EpyH^a, MajibHHKH, 3to Bee epyH / qa?». Ho 3aTO yHHTejw ajire6pM 
MHJIJIHKeH C yBSDfCeHHeM BCITOMHHaJI BCFO JKH3Hb. 

Koraa eMy HcnojiHHJiocb BoceMHa^uaTb, oh nocTynnji b OGepJiHHCKHH koji- 
jitjVK - 6paT ero 6a6yiHKH 6hji oahhm h3 ocHOBaTejieft stoto yne6Horo 3aBe,ae- 
hhk. Ha BTopoM xypce KOJiJieflHca oh bhobb npocjiyuiaji xype jickuhh no 4)H3HKe, 
xoTopbie 6mjth HHHyTb He Becejiee Tex, hto eMy HHTajiH b cpeAHett uiKOJie. Ha- 
bhkh b cnopTHBHbix wrpax h aTJieTHKe,. npHo6peTeHHbie b aeTCTBe Ha 3aflHHx 
jlBOpax, noMorjiH eMy nojiynHTb MecTO npeno/jaBaTejiH rwMHacTHKH, a ,aoxo.a ot 
npeno^aBaHHii <J)H3hkh b cpe^neH uiKOJie eme 6ojiee yxpenHJi ero <J)HHaHcoBoe 
nojio^KeHHe, 

Mhjijihkch, HaAO cxa3aTb, ao6pocoBecTHO othochjicb k cbohm npenoAaBa- 
TejibCKHM o6«3aHHOCT«M 1 Hto6m hath Bnepe;ui cbohx yneHHKOB, oh H3ynaji Bee 
yne6HHKH, Kaxne TOJibKo Mor jjocTaTb. B to BpeMx b aMepHKaHCKHx Koiuieji^Kax 
6bino Bcero flBe khhth no <jw3HKe - nepeBefleHHbie c 4>paHuy3CKoro «3biKa pa6o- 
tm Tano h ^euiaHejin. 

npH TaKHX 06 cT 0 KTeJIbCTBaX MHJIJIHKeH ACHCTBHTeJTbHO XOpOIHO HayHHJI 
npeAMer. 

ITo OKOHHaHHH KOJUie^a b 1891 ro^y Mhjijihkch npoflojraaji npeno^aBaTb 
4>H3HKy b OSepjiHHe, nojiynaa He6ojibiuoe acaJiOBaHbe. Oh 6mji BMHy^eH 3bhh- 
MaTbcn 3 thm, h6o, xaK roBopHji oh caM, «b tot ron aenpeccHH HHKaKOH BaxaH- 
chh He 6bmo». O^Haxo npeno^aBaTejm 06epJiHHa 3HanHTejibHo cepbe3Hee otho- 
cHjiHCb k pojih MHjuiHKeHa b HayKe, neM oh caM, h 6e3 ero aeaoMa HanpaBHJin 
ero flOKyMeHTbi b KoJiyM6nHCKHH yHHBepCHTeT. EMy 6biJia npeanojKeHa CTHneH- 
h Mhjijihkch nocTynHJi b y HHBepcHTeT, h6o Apyron bo3mo>khocth nojiynaTb 
peryjixpHO 700 aojuiapoB y Hero He 6mjio. B KojiyMOnncKOM yHHBepcHTeTe oh 
BnepBbie BCTpeTHJICH C JHOAbMH, TJiy 60 K 0 HHTepeCOBaBUIHMHCJI 4 >h3hkoh, MHJI- 
JIHKeH peuiHji nocjieflOBaTb hx npHMepy h nonbiTaTbca cTaTb HacTOJimHM yne- 
HblM, HeCMOTpH Ha TO, HTO y)Ke MHOrO JieT Tep3aJlCH COMHeHHKMH OTHOCHTejIbHO 
cbohx cnocofiHOCTen. 

B 1893 ro^y HayKa b AMepHKe 6MJia OTCTajion. TojibKo jikxhh, nojiyHHBiHHe 
o6pa30BaHne b EBpone, xoporno npeACTaBJiiuiH ce6e, Kax hmchho cjieflyeT bccth 
HayHHO-HccjieAOBaTejibCKyio paOoTy. Ha (j>H3HHecKOM (JiaKyjibTeTe KojiyM6HH- 
CKoro yHHBepCHTeTa 6mji TojibKo o^hh TaKofi nejiOBex - npo<j>eccop Manicn 
nbionHH, noJiyHHBiiiHH o6pa30BaHHe b KeMOpH^e. Mhjijihkch roBopHJi: «Gny- 
max Kypc onTHKH, kotopmh HHTaji ^oktop FlbionHH, x Bee 6ojibine y^HBJuuicfl. 
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BnepBtie b hch3hh a BCTpemn neAOBexa, kotoplih HacTOJibKO xopouio 3Haji aHa- 
jiHTHHecKHe npoueccbi, hto, He roTOBacb k 3aHaTHAM, npHxo^HJi eace^HeBHO b 
ay^HTOpHio h H3jiaran cboh mhcah b BHfle ypaBHeHHH. % peuiHji nonbrraTbca 
Hay4HTbC3i ^ejiaTb to ace caMOe». Kor^a cpox CTHneHAHH, Ha3HaneHHbiH Mhjuih- 
KeHy Ana H3yneHHa <J)H3hkh, hctck, OHa He 6buia B03o6HOBjieHa: IlbionHH npeA- 
noneji MHJiJiHKeHy Apyroro xaHAHAaTa. 

Kor^a IlbionHH y3Han, hto MHjuiHKeH ocranca 6e3 bchkhx cpeACTB k cyme- 
CTBOBaHHio, oh 3aHHTepecoBanca ero cyAb6on. Ha cneAyiomHH toa hmchho no 
HacToaHHio IlbionHHa Mhaahkch peuinji noexaTb ynHTbca b F epMaHHio. Mhaah- 
xeHy npniujiocb npH3HaTbca, hto y Hero HeT cpeACTB, h IlbionHH Aan eMy B3an- 
Mbi Heo6xoflHMyio cyMMy. IlbionHH xoTen no^apHTb eMy 3th AeHbrn, ho Mha- 
jiHKeH He cornacnnca h BpyHHji IlbionHHy pacnncxy b nojiyneHHH AeHer. 

IlepeA caMbiM OTbe3AOM MHjuiHKeH BCTperoJica eme c oahhm nenoBexoM, 
CbirpaBiiiHM 3HaHHTe ji bHy lo ponb b ero acH3HH. Bo BpeMa neTHen ceccnn Mhaah- 
KeH no6biBan b hcaabho oTxpbiTOM HHxarcxoM yHHBepCHTeTe, r^e no3HaxoMnnca 
c A. A. ManKeJibcoHOM. Hh oahh nenoBex HHxorAa He npoH3BOAHji Ha moaoaoto 
yneHoro CTOJib cnjibHoro BnenaTAeHHa. B 3tom ace yHHBepCHTeTe IlbionHH b 
1895 roAy nojiynHji AOKTOpcxyio CTeneHb. 

MHjuiHKeH HaxoAHJica b EBpone (pa6oTaji b BepJiHHCKOM h F eTTHHreHCKOM 
yHHBepcHTeTax), xorAa 3a cepHen sxcnepHMeHTanbHbix pa6oT nocjieAOBaji rpaH- 
AH03HMH B3pbi b Bcex KJiaccHHecKHX TeopHH. B 1895 h 1896 roAax npo3BynanH b 
HayKe HMeHa Eexxepena, PeHTreHa, KiopH h ToMcoHa. 

BpoaceHne eme npoAOJiacajrocb, xorAa jictom 1896 roAa MnJiJiHKeH nojiynHJi 
ot A. A. MaHKejibCOHa TejierpaMMy c npejyioaceHHeM 3aHaTb mccto accHCTeHTa b 
^HKarcKOM yHHBepCHTeTe. MHJiJiHKeHy 6biJio Tor^a 28 jier. « 5i OTAan mok> oAe- 
acoy BMecTe c HeMOAaHOM b 3axnaA xanHTaHy oahoto H3 cyAOB AMepHxaHcxoH 
TpaHcnopTHOH jihhhh, 3aBepHB KOMnaHHio, hto a Bbinnany KanHTaHy CTOHMOCTb 
npoe3Aa b Hbio-Hopxe h TOAbKo nocne 3Toro npHAy 3a BemaMH». 

CneAyiomHe ABeHaAHaTb neT Mhjuihkch npoBen b o6cTaHOBKe HeyTOMHMOH 
HayHHOH aKTHBHOCTH, xapaxTepHOH Ana Huxaro b Hanajie Bexa. MHxarcxHH yHH- 
BepcHTeT co6pan b cbohx CTeHax mojioawx moAen, KOTopbix b ckopom BpeMeHH 
oacHAana umpoKaa H3BecTHOCTb: acTpoHOMa ^acopAaca refina, HCTOpHKa /laceHM- 
ca BpecTeAa, 3KOHOMHCTa CretJieHa JlHKOHa, Po6epra JIoBerra h mhothx, mhothx 
Apyrnx. B oahom naHCHOHe c Mhaahkchom npoacHBanH ABoe lOHomefi: Top- 
CTeiiH Be6jieH h TapoAbA Hkc. 

IlepBbie roAbi, npoBeAeHHbie b HHxaro, Mhaahkch nocBamn HanncaHHio 
yAo6oBapHMbix aMepHKaHCKHx yne6HHKOB no <t>H3Hxe h 3a6oTaM o CBoefi moao- 
Aoh ceMbe. ManKeAbCOH B3BanHn Ha Hero bcio npenoAaBaTenbcxyio pa6oTy, xo- 
Topaa He cootbct ctbobba a HpaBy cTapHKa. 

B roAfei IlepBOH mhpoboh bohhh (1914-1918) Mhaahkch 6bia 3aMecTHTeAeM 
npeAceAaTeAa HauHOHanbHoro nccneAOBaTenbCKoro coBeTa (pa3pa6aTbiBaA Me- 
TeopoAorHHecKHe npH6opu aah o6HapyaceHHa noABOAHbix aoaok). 

Mhaahkch HanaA cepbe3H0 3aHHMaTbca HayHHO-nccAeAOBaTeAbCKOH pa6o- 
toh, KorAa eMy 6mao noHTH copoK act. Ilpo6AeMbi AAa HCCAeAOBaHHa o6biHHO 
Bbi6npanHCb hm H3 HHCAa Tex, KOTOpbie Tax noTpacAH yneHbiH MHp, xorAa oh 
eme 6bm b EBpone. Mhaamkch, noHeBOAe CTaBiiiHH (J)H3hkom, nocTaBHA A^a 
3KcnepHMeHTa, xoTopbie h noHbiHe aBAaioTca KAaccnnecKHM o6pa3uoM H3amecT- 
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Ba 3 aMbicjia h BoiuiomcnHs. Oh 3 acjiyj*(HJi nojiyqeHHyio hm Hofenescicyio npe- 
mhk) (b 1923 rofly). 


ypoK 62. IIpejioMJieHHe ceera 

Lfejib: yrjiy 6 im> h CHcreMaTH 3 HpoBaTb 3 HaHH» ynamHxcJi 06 oco6eu- 
Hocnix pacnpocTpaHenHx ceera Ha rpamiue paaaejia AByx cpcjx. 

Xoa ypoKa 

I. OpraHH3ai|HOHHblH MOMeHT 

II. npOBc^eiiHC jiaftopaTopHOH pa 6 oTbi 

JIa6opaTopHaa pa6ora 

no TeMe «H 3 yqeHHe OTpaaceHHH ceera e iuiockom 3 epicajie» 

LfeJib paSornu : 3iccnepHMeHTajibHaji npOBepxa 3aKOHa oTpaaceHiw. 
06opydoeaHue : naocKoe 3epxajio, jihct hhctoh 6yMarw, 3Kpan co 
mejibio, TpancnopTHp, KapaHAam, ceena (hjih apyroii hctohhhk ceera), 
CnHHKH, 


Xoa pafiona 

1 . PacnojioxcHre o6opyAoeaHHe corjiacHo pwc. 52. 



Puc.52 

2. 3axcrHTe ceery h c noMomeio 3xpana c mem jo Bnae/iHre y3KHif 
nyqoK ceeTa. 3 tot nynoK nanpaebTe Ha ruiocKoe 3epicano. 

3. KapaHAaiuoM npOBeflHre Ha jihctc hhctoh GyMarw jihhhio no Ha- 
npaejieHHK) naaaiomero h orpaxeHHoro ceeroeoro Jiyna, a raioxc baoju* 
noBepxHocTH 3 epicajia. B TOHKy najienHH Jiyna nocraBbTe nepncHAHKyaap 
k noeepxHOCTH 3 epKaaa. Ha a were 6 yMarH yxaxcHre naaaiomHH oxpa- 
xceHHUH Jiyn, nepneHAHKyjwp, ruiocKOCTb 3 epKaaa, yrau naaeHHJi h ot- 
paaceHHx. 
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4. C noMomtK) TpaHcnopTHpa H 3 \iepbTe yrnbi naaeHHa h 0Tpa>xeHHa 
jiynefi. MeHaa nojioaeeHHe 3 epKajia, 3 aMepbTe HOBbie 3 HaneHHa yrnoB 
naaeHHa h OTpaxceHHa. 

5. Ta6jmua. 


HoMep 

onbiTa 

Yroji 

nancHHH 

Yroji 

OTpaaceHHfl 

CpaBHenHe yrjioB 
na^eHHfl 

H OTpa^ceHHd 

1 




2 




3 




4 




5 





III. H3yneHHe Hoeoro MaTepHajia 

Ha rpaHHue /jByx (f>a3 cbct MeHaeT HanpaBJieHHe cBoero pacnpocTpa- 
HeHH a. HacTb cbctoboh 3HeprHH B03BpamaeTca b nepByio cpeay, T.e. 
npOHcxo^HT OTpaaceHHe CBeTa. Ho nacTb cBeTa, ecjiH BTopaa cpe^a npo- 
3panHa, npoxo,nnT nepe3 rpaHHny pa3^ejia cpe,a Tax ace, xax npaBHJio, 
MeHaa npH 3 tom HanpaBjieHHe. flaHHoe aBJieHHe Ha3biBaioT npenoMJieHH- 
eM CBeTa. 

3Kcncp iim ch m c onmunecKou uiaudou 

UIaH6y 3aKpeiuiaK)T Ha AHCKe. Hepe3 ocBemrejib nojiynaioT y3KHH 
nyHOK CBeTa. Cbctoboh nynoK imeT ot ocBeTHTena baojib pazmyca ancica 
h Ha rpaHHue - CTexjio nacTHHHO OTpaacaeTca, nacTHHHO npejioMJiaeTca. 

flaTCKHH acTpoHOM h MaTeMaTHK B. Chcjiji ao X. nofireHca H H. HbK)- 
TOHa b 1621 r. 3KcnepHMeHrajibHO oTKpbui 3aKOH npejioMJieHHa cseTa: 

sin a ix 

= — = const . 

sin p u 2 

n 2 >n { ; 



Puc. 53 
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3ukoh npejioMJienuM 

1 . Jlyn nanaioLUHH h Jiyn npejiOMJieHHtiH JieHcar b oahoh iuiockocth c 
nepneHAHicyjwpoM, nocTaBJieHHWM b Tonice naaeHHa Jiyna k noBepxHO- 
cth paaflejia ;iByx cpe/j- 

2 . OTHomeHHe CHHyca nafleHH* k CHHycy yrjia npejiOMjieHHB mu 
flByx AaHHUx cpcjx ecn» BejiHHHHa nocToamiaa (/urn MOHoxpOMaTHHecKO- 
ro CBera). 

BbmeAeM 3axoH npcnoMJicHHa CBera, HcnojiKjya npHHimn OepMa. 



Ilycxt b cpeae I acopocrt csera U|, b cptjxc II - cicopocrt CBera u 2 . 
JJjih upoxowieiiHM caera H3 tom icy A x b ronicy A 2 6yaer 3aTpaneno BpeMa: 

w 2 

BuGepeM H3 Bcex bo 3 mo>khmx TpaeicropHH pacnpocipaHeHmi CBera 
Ty, KoropoH cooTBeTCTByeT MHHHMajibHoe BpcMs pacrrpocTpaHCHHfl . 
IIpOAH^epeHUHpyeM h npHpaBHseM npoH3BOflHyio k Hyjiio: 

dt , 1 x 1 L — x 

— = tx = = 0 . 

dx u t ^4,0 u 2 0 A 2 

ymraBa a, hto sin a, , sin« 7 =— — - , nojiyHHM: 

' A, 0 2 0^ 

sin a x sin a 2 ^ sin a x d, c c n 2 
v x v 2 sin a 2 v 2 n x n 2 n x 

3 to h ecrb 33 koh upcjioMJicHHM CBera. 3anHineM ero b 6onee y^o6- 
Hoii <Jx>pMe: sin a = n, sin a x . 

Ha rpamnje paanena AByx cpe/i npaicTHMecKH Bceraa nynoK CBeTa 
paauiejweTca Ha ^Ba - OTpa^cenHKiH h npejioMJiemihiH. 
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IV. 3 aicpenjieHHe iviaTepnajia 

- Hto Ha3biBaeTCH npejioMueHHeM CBeTa? 

- C4>opMyjiHpyHTe h 3ammiHTe 3aKOHw npenoMJieHHJi cseTa. 

- Kaicon (J)H3HHecKHH CMbicji OTHocHTenBHoro noKa3aTejra npenoM- 
ncHusi? A6cojiiOTHoro noKa3aTeji« npejiOMJieHnn? 

- HanniuHTe (J)opMyny, Bbipaacaiomyio cbh3i> OTHOCHTejibHO noica- 
3aTeji« npeJioMJieHna /jByx rpaiiHHauuix cpe^ c hx aOcojnoTHWMH 
noKa3aTeJiHMH npejiOMJieHiw. 

V. PeuieHHe 3 a^an 


3adaua M 1 

Ha flHe pyntx jiokht KaMeHb (cm. pnc. 57). Maju»qHK xoueT TOJiKHyTb 
ero najiKOH. IIpHueJiHBaHCb, MajibHHK ^epacHT najiKy noji yrjioM 45°. Ha 
KaKOM paccTO«HHH ot KaMeuiKa botkhctck namca b Jino pyMbx, ecjiH my- 
6HHa ero 50 cm? 


0 

a y 

y B03flyx 

A /' B 


i 

c , 

Boaa 

h 

r 




Puc. 57 

Al 



m W 

r i 


Jl aHo: 

a = 45°; 

rij = 1; 

n 2 =l,33; 
h = 0,5 m. 
A1-? 


PeuieHHe: 

A / = /-/,. 

PaccMOTpHM AAOC: 

ZAOC = Za ; ZAOC = 45° ; ZCOA = 90° . 
0C = AC -h-l . 
i, =htgp . 


CornacHO 3aKOHy npejiOMJieHHfl: 
«i =1. Al = h-htgp = h(\-tgp); 


sin a 
sin p 


Hi_ 

, 

«1 


. _ sin a 

OTCio^a sin p = , 

n 2 


P = arcs in 


^sina^ 


; P ~ arcsin 


r sin 45° ^ 

, 1,33 J 


32°. 


( Omeem : Al *0,1 9 m.) 
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3adaua M 2 

Jlyn cBeTa na^aeT Ha rpaHHijy pa3Aejia ^Byx cpe/j noA yraoM 32° 
(cm. pnc. 58). A6cojiiothbjh noKa3aTeJib npejiOMjieHHa nepBOH cpeAbi 
2,4. npeaoMJieHHbiH jiyn nepneHAHKyjiapeH 0 Tpa^<eHH 0 My. KaxoB a6co~ 
moTHbiH noKa3aTejib npejioMjieHHH BTopofi cpeAbi? 



sing 

sin^ 


sing 


sin (90 -a) cos a 


sing n y . r 

= tga = — ; « 2 = w i = J >5 * 


(Omeem: n 2 - 1, 5 .) 


3adaua M 3 

Cbctoboh Jiyn naAaer noA yrjioM a - 30° Ha ruiocKonapannejibHyio ruia- 
CTHHKy ToirmHHOH d - 10 cm (cm. pnc. 59). OnpeAejiHTb CMemeHHe Jiyna 
imacTHHKOH, ecnH 0Ha norpyaceHa b cepoBOAopoA h bo Ay nj = 1 ,63, n 2 = 1 ,5. 


a 


0 

\\Pr a 

d 

\ \ p . ! 


\! B 

A 

\ S| ja^ 


Puc. 59 
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rjano: 

PeuieHHe: 

P 

II 

u> 
o 
- ? 

H3 AOAB h ACOB oahoh h toh ace rHnoTe3bi 

d = 10 cm; 
n, = 1,63; 
n 2 = 1,5. 

OB: , S - . d 

sin ( /?, - a ) cos /?, cos p x 

S-? 

^ sin a n 7 . n n x sma 

TaK KaK = — , sin ft = — ; 

sin p x n x n 2 


cos /?, = ^/l — sin 2 /?, = — yj n \ -n x sin 2 a ; 
« 2 

r \ 


s x =d 



sin a 


2J — - sin a 


« 6 


(Omeem: S = 7,2 cm.) 


cm. 


VI. IIoABeAeHHe HToroB ypOKa 

^OMauiHee la^aHHc 

n. 61. 


^onojiHHTejibHbiil MaTepuaji 

IlepBue mam b paiBirriiH reoMeTpHnecKou oiithkh 

B onTHKe, Tax >xe xax h b MexaHHice, nepBbie uiarn 6 hjih c^eJiaHti yace b 
^ peBHocTH. Tor^a 6 mjih OTicpbiTbi ABa 3axoHa reoMeTpHnecKow onTHKm 3axoH 
np»MOJiHHeHHoro pacnpocTpaHeHiw CBexa m 3axoH OTpaaceHHfl CBera. 

K n03HaHHK> 3THX 3aKOHOB ApOBHHe npHUIJIH, BepOflTHO, 04eHb AaBHO. OnbIT 
noBceAHeBHOH >kh3hh: Ha6juofleHHe xeHH, nepcnexTHBbi, npHMeneHHe mctoab 
BH 3HpOBaHHH npH M3M6pCHHH 3eMCJlbHbIX nHOlHa^eH H npH aCTpOHOMHHeCKHX 
Ha6jito^eHH5ix - npHBO^Hji ApeBHHx, BO-nepBbix, k noHBTHio Jiyna cBeTa, a bo- 
BTOpblX, K nOHBTHK) npJIMOJIHHeHHOrO pacnpOCTpaHeHHfl CBeTa. 

Ha6jno^afl 3aieM abjichhc OTpaaceHHB CBera, b nacTHocTH, b MeTaiuiHHecKHx 
3epKajTax, KOTopbie xopouio 6buiH H3BecTHbi b to BpeMB, ApeBHHe npHiiniH k 
noHHMaHHK) 3axoHa oTpajxeHHB CBeTa. 

YKa3aHHbie ABa 3axoHa 6 ujth onHcaHbi 3HaMeHHTbiM rpenecKHM yneHbiM 
EbKJIHAOM, 5KHBU1HM B III B. AO H. 3. C HOMOUlblO 3THX 3aiCOHOB EbKJIHA o6bJIC- 
HHA LieAblH p«A Ha6AK)AaeMbIX BBJieHHH H, B HBCTHOCTH, JIBJieHHH OTpa5KeHHfl 
CBeTa ot fiaockhx h Aaace c^epHsecKHx 3epxaji. 

MccneAOBaHHeM OTpaaceHHfl CBeTa ruiocKHMH h c(J)epH4ecKHMH 3epxajiaMH 
3aHHMajica Apyroil 3HaMeHHTbiH yneHbiH apcbhocth - ApxHMeA, khbuihh TaioKe 
b III b. ao h. 3 . Oh 3Han cbohctbo BorHyToro c^epunccKoro 3epxajia co6npaTb 
CBeTOBbie JiyHH b <j>OKyce. 06 3T0M coo6maeTC« b cohhhchhjix yqeHbix apcbho- 
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cth: ApxntvteA 3Ha n, «noneMy BorHyTbie 3epxajia, noMeineHHbie npoTHB cojiHua, 
3axcHraiOT noAnoxceHHbin TpyT». 

ApxHMe^ Aaace npHnncbiBaioT H3o6peTeHne cneuwajibHbix 3a5KnraTenbHbix 
yCTpoHCTB H3 BorHyTwx 3epKajr, c noMombto KOTOpbix oh SyflTO 6bi cxcer Bpaace- 
ckhh <J)aot. 3to, KOHeHHo, AereHAa. Ho to, hto ApxHMea 3Haj] 3aacHraTeJibHoe 
cbohctbo BorHyToro 3epxajia, 3 to 4>aia\ 

yneHbie aPcbhocth hmcjih npeACTaBjieHne o npejiOMJieHHH cBeTa h Aaxce nbi- 
Tajutcb ycTaHOBHTb 3axoH npejiOMJieHHH. nmrteMen nocTaBnji c 3toh uejibio 
cneuHajibHbifi onbiT. Oh b3«ji ahck, no KOTOpoMy Boxpyr neHTpa BpamajiHCb ABe 
jihhchkh - yKa3aTejiH A h B. 3tot ahcx riToneMen HanojiOBHHy norpy^xan b 
B o^y h nepeMemaji BepxHioio jiHHefixy ao Tex nop, noxa OHa He xa3anacb npo- 
AonxceHneM hhxchch, HaxoA«meHC« b Boae. BbiHyB 3aTeM ahck H3 boam, oh on- 
peaenan ymu naAeniw h npeji oMJieH ha . 

OAHaxo xotb 3KcnepHMeHT nTOJieMea h 6 uji nocTaBJieH npaBHjibHO h oh no- 
jiyHHjr aocTaroHHO xopomwe HncjieHHbie 3HaneHHJi aji« yraoB na^eHHH h npe- 
jiOMaeHHa, hcthhhoto 3axoHa oh ycTaHOBHTb He cyMen. 

B CpeaHHe Bexa onTHxa npoAOjnxajia pa3BHBaTbc« Ha BocToxe, a 3aTeM h b 
EB pone. OAHaxo KaKHx-jwSo hobux cymecTBeHHtix pe3yjibTaTOB 3a 3 tot aah- 
TenbHbiH nepHoa a xch3hh HenoBenecTBa nonyneHO He 6biAo. Eahhctbchhum 
B a^CHblM AOCTHXCeHHeM 3a 3TO BpeMfl 6bIJ10 H306peTeHHe B XIII B. OHKOB, Ho 3T0 
H3o6peTeHHe cymecTBeHHbiM oSpaaoM He noBJinjuio Ha pa3BHTne TeopeTHnecxofi 
OnTHXH. 

CjreayiomHM BaacHeHiiMM H3o6peTenHeM, cbirpaBinuM oneHb 6ojibmyio poab 
b nocjieAyJomeM pa3BHTHH ohthxh, 6 wjio c03AaHne 3pHTejibHOH Tpy6bi. 

3pHTejibHaa Tpy6a 6buia H3o6peTeHa He oahhm nejiOBexoM. Bo 3 mo)kho, hto 
eme BejiHXHH HTajibHHCKHH xyAOJKHHX JleoHapAO aa Bhhhh b caMOM Hanajie XVI b. 
nojib30Banca 3pHTeJibHOH Tpy6on. 

Hmcjotch cbcachha o Apyrwx yneHbix h H3o6peTaTejiax, xoTopbie Taxace 
npHUIAH X 3TOMy H306peTeHHH3. 

OAHaxo pemaioinHH mar b H3o6peTeHHH 3pHTeAbHOH Tpy6bi 6biJi cAejiaH Ta- 

AHJieeM. 

B 1609 r. FanHJieH nocTponn 3pHTejibHyio Tpy6y. CBoe H3o6peTeHHe oh hc- 
nojib30BaA xax Tenecxon jinn Ha6nioAeHHx HeSecHbix Ten h CAenan npH 3tom 
UeJTblH p«A Ba>KHeHlIIHX aCTpOHOMHHeCXHX OTXpbITHH, XOTOpbie AaJIH eMy B03- 

MoacHocTb BbiCTynHTb b 3amnTy yneHHa KonepHnxa. OAHaxo rajwneft He 3AHH- 
Maacx TeopeTHHecxHMH nccAeAOBaHHflMH no onTHxe. Oh Aaxce He pa3o6pan Teo- 
PHIO AeHCTBHa H3o6peTeHHOH HM 3pHTeAbH0H Tpy6bL 

OcHOBbi Teopnw npocTeniiinx onTHnecxHx h HCTpy mchtob pa3pa6oTan bcjth- 
xhh HeMeuxwfi acTpoHOM HoraHH Kennep (1571-1630). Eme b 1604 r. oh HanH- 
caji pa6oTy, b xoTopow h3jio^khji ochobh reoMeTpHnecxon onTHKH. 

Oh o6i>acHHJT AeHCTBne rna3a h onTHnecxoro npw6opa BOo6me, paccMaTpH- 
Baji xa^KAyio Tonxy npeAMeTa xax hctohhhx pacxoAamwxca JiyneH. XpycTajinx 
rjia3a, 3epxano, JiHH3a hjih cncTeMa jthh 3 MoryT BHOBb co6paTb oth pacxoAamHe- 
c* jiyHH h H3 pacxoA«meroca nynxa CAeaaTb cxoahlahhch. IIpHHeM 3 th Jiynn 
onaTb co6epyTca b OAHy xonxy, xoTopaa 6yaer npeAcxaBBsiTb co 6 oh H3o6pa^te- 
Hne tohxh npeAMeTa. TaxnM o6pa30M, xaatAOH Tonxe H3o6pa)xeHHa cootbctct- 
ByeT OAHa h TOJibxo OAHa Towxa npeAMeTa. 
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Kennep paccMaipHBajr c 3toh tomkh 3peHHB xoa jiyneH b npocTefiiunx onm- 
HeCKHX npH^OpaX, B ABOHKOBbinyKJTOH H £BO*KOBOrHyTOH JIHH3e, nOCTaBJieHHblX 
Apyr 3a ApyroM. 3Ta cncreMa jihh 3 npeACTaajiHAa co6oh c Here My, npHMeHeHHyio 
T ajiHJieeM b ero 3pHTejibHofi Tpy6e - TejiecKone. 

B 1611 r. Keiuiep H3Aaji HOBoe cDMHHeHHe no onTHKe* B HeM y*ieHbiH npo- 
AOJmaji pa3BHeaTb TeopHio oitth nee khx npH6opoB. B hscthocth, oh onncaji 
3^ecb 3pHTejibHyio Tpy6y, OTJiHHHyio or ipy6bi TajiHiiea, Koropaa oxa3aJiacb 
6ojiee y^aMHOH. Tpy6a Kenjiepa cocTOflJia H3 AByx ABOHKOBbmyiaibix jihh 3. CaM 
Kenjiep tojilko onwcaji ee ycTpoficTBo, ho TpySu He nocTponn. Ee CAejianw Apy- 
rue yneHbie. 

Pa3pa6oTaa reopHio nocTpoeHH* H3o6pa*ceHHH b oimiHecKHx npw6opax, Ke- 
njiep BBeJI HOBbie nOHBTHH: «4>OKyC» H WOflTHHeCICaJ! OCb». 3 th nOHBTHB npHMe- 
HJHOTCB H B HaCTOHUiee BpeMfl B onTHKe. 

Cjie^yioiuHM saacHbiM uiaroM a paaBHTHH oothkh 6wjio oTKpbiTHe 3aKOHa 
npejiOMJieHHa CBera 

Kenjiep eme He 3naJi aroro 3axoHa. 3axoH, KoropbiM oh noju»30BaJiC5i, 6bui 
HeBepHbiM. OiinaKO 3 to He noMemano yneHOMy b ero HCCJieAOBaHHJix. Reno b 
tom, hto bo Bcex cjiynaflx, Korropbie Kenjiep paccMaTpHBaji, mo»cho 6mjio chh- 
TaTb, hto CBeroBbie Jiynw npoxoAHT 3axoH, icoTopbiM noJib30Baacfl Kennep AJia 
Majibix yrjiOB na#eHHfl h npejiOMJieHH*, npHBOAHJi k npaBHJibHbiM pe3yjibTaTaM. 

3aKOH npejiOMJieHHB CBerra 6 wji yeraHOBJieH rojui shack hm yneHbiM CHejuiHy- 
com, ho oh ero He ony6jiHKOBaji. 3 tot 3Skoh 6wji ony6jiHKoeaH fleicapTOM b 
1637 r. Tenepb reoMeTpHHecKax onTHKa, <J)yHAaMeHT KoropoH 3ajio*cmi Kenjiep, 
Monia pa3BHBaTbCH Aajibwe. 


Ypoic 63. llpHHUHn TioilreHca. 

3aKOH orpaaceHHH ceera 

Ifejiu: no 3 HaKOMHTE ynamroccH c oco 6 eiiHOCTbio pacnpocTpaiieHHH 
CBeia na rpaHHue pa3Aejia AByx epea; aj)opMy/iHpoBaTb npHHumi Hoh- 
reHca. 


Xoa ypoica 

L OpraHHaauHOHHuu momcht 

II. IIOBTOpeHHe H3yHCHHOrO 

1 . Bonpocbi jxjisi noBTopeHHji. 

- Mto TaKoe cbct? 

- Kate Ha3biBaerca pa3Aen (J)H3 hkh, tnynaioiUHH CBeroaue jmjieHHH? 

- Kaicne hctohhhkh CBerra bli 3Haere? 

- Kaicaji epe/ja Ha3biBaercji onTHHecKH oahopoahoh? 

- KaK pacnpocTpaHaerca cbct b oahopoahoh oirrmecKow cpeAe? 

- Kaxwe onuTbi AOKa3biBaiOT, hto cbct b orrrHqecKH oahopoahoh 
epe^c pacnpocrpaHJieTCJi npaMOjiHHeHHo? 
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2. AHaJlH3 3KCnepHMeHTOB. 

1 . rioCTaBLTe A Be OAHHaKOBbie CBeHH Ha paCCTOAHHH 50-60 CM OT 3K- 
paHa. IIocepe^HHe MeacAy 3KpaHOM h CBenaMH BepTHKaAbHO noMecTHTe 
jiHHeHKy. 3aacrHTe CBenn. Mto nojiyHHJioct Ha 3KpaHe? 3apHcyHTe b tct- 
pajiH, hto y Bac nojiyHHJiocb. 

2. ripoH3BOJifcHO nepeMemafiTe 3KpaH h AHHewKy. 3a([)HKCHpyHTe H3- 
MeHeHHJi onepTaHHH TeHefi h nonyTeHeH. 

3. IIoracHTe oAHy CBeny. H3mchhjiocb ah npw 3 tom H3o6paaceHHe Ha 
3KpaHe? EcJIH H3MeHHAOCb, TO KaK? 

4. IIoMecTHTe 3KpaH Ha paccTOflHHe 50-60 cm ot 3aaoKeHHbix cBeneH. 
MejK^y 3KpaHOM h cBenaMH noMecTHTe KapaH^am CHanana BepTHKaAbHO, 
a noTOM ropH30HTanbHO. Pe3yjibTaT 3aHecHTe b TeTpaab. 

- Mto AOKa3biBaioT /jaHHbie onbiTbi? 

III. H3yneHHe HOBoro MaTepuajia 

B onTHKe, Tax ace KaK h b MexaHHKe, nepBbie marw 6biJin caejiaHbi b 
APCbhocth. Toiyta 6mah oTKpbiTbi Asa 3aKOHa reoMeTpHnecKOH ohthkh: 
3aKOH np^MOJiHHeHHoro pacnpocTpaHeHHa CBeTa h 3aKOH oTpaaceHHA. K 
n03HaHHK> 3THX 3aKOHOB APGBHHe npHHJAH, BepOflTHO, OHCHb AaBHO. 
OnbiT noBceAHeBHOH *ch 3 hh: Ha6jnoAeHHe tchh, npHMeHeHHe MeTOAa 
BH3HpOBaHHfl npH H3MepeHHH 3CMejlbHbIX njlOmaUCH H npH aCTpOHOMH- 
necKHX Ha6jiK>AeHH5ix - npHBOAHJi ApeBHHx, Bo-nepBbix, k noHHTHK) Ay- 
na CBeTa, a bo-btopbix, k hohhthio npHMOAHHeiiHoro pacnpocTpaHeHHH 
CBeTa. Ha6jiK>AaH 3aTeM abachha oTpaaceHHJi CBeTa, b nacTHOCTH, b Me- 
TanjiHHecKHx 3epKanax, KOTopbie Gbiah xopomo H3BecTHbi b to BpeMA, 
ApeBHHe npHIHAH K nOHHMaHHK) 3aKOHa OTpa^CeHHA. JlaHHbie 3aKOHbI 
6biAH onHcaHbi 3HaMeHHTbiM rpenecKHM yneHbiM Ebkahaom, ^chbuihm b 
III Bexe ao h.3. 

3aKOHbi oTpaaceHHJi CBeTa moacho bbibccth H3 npHHunna onHCbiBaio- 
mero noBeAeHHe boah. 3tot npHHAHn BnepBbie 6 bia BbiABHHyT coBpe- 
MeHHHKOM HblOTOHa - XpHCTHAHOM HOHreHCOM. 

CorAacHo npHHUHny nowreHca, Ka^cAaa TOHKa cpeABi, ao kotopoh 
AOUIAO B03MymeHHe, CaMa CTaHOBHTCH HCTOHHHKOM BTOpHHHblX BOAH. 

3tot npHHuwn npHroAeH aji* onucaHHA pacnpocTpaHeHHA boah mo- 
6oh npHpOAbi: MexaHHnecKHX, cbctobbix. 


Puc. 60 
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MN - OTpa>KeHHe noBepxHOCTH; 

A! A h BjB - ^Ba jiyna nzmaiomew bojihli; 

AC - BOJiHOBa^ noBepxHOCTb; 
a - yroji naaeHHH. 

BoaHOByio noBepxHOCTb OTpa>KeHHOH bojihm moxcho nojiynHTb, ecjiH 
npOBecTH orH6aiomyio BxopHHHbix bojih, neHTpbi KOTopbix jiexcaT Ha 
rpaHHue pa3,aejia cpeji. Pa3JiHHHbie ynacTKH bojih noBepxHOCTH AC aoc- 
THraioT OTpaacaiomeH rpaHHUbi He o^HOBpeMeHHO. B TOHKe A paHbiue, 

CB 

qeM b TOHKe B Ha BpeMfl A t = — . Konja BOJiHa flocraraeT tohkh B, b 

d 

3TOH TOHKe HaHHHaeTCJI B036y>KaeHHe BTOpHHHOH BOJIHbl C IjeHTpOM B 

TOHKe A: 

r = AD = uAt - CB . 

OTpa^ceHHbie jiynw AA 2 h BB 2 nepneHflHKyjiapHbi bojihoboh no- 
BepxHOCTH BD. Yron y - yron OTpaweHHfl. Tax KaK AD = CB, AADB h 
AACB - npsMoyrojibHHKH, to Z DBA = ZCAB => a = y => yroji na- 
.aeHHa paBeH yrjry OTpa>xeHH5i. 

lla^aiomHH Jiyn, jiyn oTpa^ceHHbiH h nepneH^HKyjwp, nocTaBjieHHbiH b 
TOHK e na^eHMii, jieacaT b ojjhoh hjiockocth. 3to h ecTb 3axoH oTpaaceHHfl. 

B cepejjHHe XVII b. (J)paHHy3CKHH yneHbin H OepMa BbmBHHyji 
npHHUHn, H3 KOTOpOTO BbITeKaJlH Bee 3aKOHbI OnTHKH. 

Cbct, lioymHH H3 o^hoh tohkh npocTpaHCTBa b flpyryio, Bcer^a pac- 
npocTpaHiieTCfl no nyra, TpeGyiomeMy MHHHMajibHoro BpeMeHH. 



IlycTb Ha 3epKajibHyio noBepxHOCTb na^aeT cbct H3 tohkh A. B TOH- 
Ke A f coGnpaioTca jiynn, OTpaxceHHbie ot 3epKajia. 

npe^nonoMCHM, hto cbct H3 tohkh A b TOHKy A' MO^ceT nonacTb 
^ByM5i nyTHMH, OTpa^Kajicb ot tohck Oh O', BpeMji npoxo^eHHfl nepe3 
TOHKy 0: 

_ AO , 0 A' _ <Jl}+(L-xf 

t + + , 

DUD D 

rjje d - CKOpocTb cBeTa. 
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IloKaxceM, hto BpeMfl npoxoacaeHHa CBera no TpaeicropHH AO A* 
MeHbine, MeM no TpaeicropHH A O' A* . Hait^eM npoH3BO^Hyio h npHpaB- 
HaeM k Hyjno: 


dt _ , _ / x 
dx J v AO 


1 L-x 
v 0 A' 


- —(sin a - sin a') = 0 ; 


sin a - 


sin a = 


L-x 
0 A’ 


0 A 


=> a -a . 


B 3aBHCHMocTH ot cbohctb h KanecTBa OTpaacaiomeH noBepx HOCTH 
OTpaaceHHe Moacer HMen> pauiHMHtiH xapaicrep. PaanHHaiOT oTpaaceHHe 
3epKanbHoe (npaBwibHoe) h pacceaHHoe. 

Ecjih OTpaxcaiomaa noBepxHocTb HMeeT bh^, noBepXHocTH, pa3Mepbi 
HepOBHOCTeH KOTOpOH MeHbHie AnHHbl CBeTOBOH BOJIHbl, TO OHa Ha3blBa- 
erca 3epKanbHOH. 



Puc. 62 


Ecjih pa 3 Mepbi nepoBHoercH copa 3 MepHbi c ajihhoh bojihu hjih ee 
npeBwmaioT, TaKoe orpaaceHHe na ibiBaio r pacce*unu>iM hjih ^H4>4>y3HbiM. 

,HH(})(J)y3Hoe OTpaxceHHe no3BOJiaer HaM BH^erb npeflMeru, oho HMeeT 
Mecro b MajioH creneHH h npH oTpaxcennw or cbmoh rjiamcon nosepxHO- 
cth. MHane mu He motjih 6u yen^erb nosepxHocTb :iepicajia. 


IljiocKoe 3epKajio 

rinocKHM 3epicanoM Ha3UBaioT imocxyio noeepxHOCTb 3epicajibHo ot- 
paacaiomyio cbct. H3o6pa»eHne npejxMera b iuiockom 3epxane mhhmoc, 
cHMMeTpHMHoe npejxMery omocHTejibHO 3epxajia. H3o6paaeeHHe paBHo 
no pa3Mepy npe^Mery. 
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IIjiocKHe 3epKajia hmciot uiHpoKoe npHMeHeHHe. YcTaHaBJiHBaiOTCfl b 
cajiOHax aBTOMoSnjieH, ana ^eKopaTHBHoro o(j)opMjieHHB BHyTpH Mara- 
3HHOB, B UIKaJiaX H3MepHTeJIbHblX npHSopOB BbICOKOH TOHHOCTH. 

LLlHpOKO npHMeHH eTCB Ha npaKTHKe ycTpoficTBO, cocToamee H3 Tpex 
B3aHMHO nepneH^HKyuBpHbix 3epKaji. Yctpohctbo Ha3biBaiOT yrojiKOBbiM 
OTpaxcaTejieM. Oh oOjia^aeT 3 aMenaTejibHbiM cbohctbom: npH jik>6om 
yrne na^eHHB jiyn na/iaiomHH h jiyn, nocJieAOBarejibHO OTpa3HBUiHHca 
ot Tpex 3epKaji, - 0Ka3biBaK>TC5i napajuiejibHbiMH. 

YroJiKOBue OTpaxcaTejin AOCTaBJieHbi Ha JlyHy h Hcnojib3yioTCJi /yia 
TOHHoro H3MepeHH» paccToaHHa j\o Hee c noMombio jia3epHbix jiynen. 
riorpeuiHOCTb H3MepeHHa cocTaBjweT Bcero jihuib 0,1 m. 

Bojibiuoe pacnpocTpaHeHHe nojiyHHjiH KaTa({)OTbi - KpacHbie OTpa>xa- 
TejiH cBeTa, ycTaHaBUHBaeMbie Ha aBTOMoSminx, BenocHrieflax h ,aopo>K- 
hhx 3Haxax. KaTa(J)OT npeacTaBJiaeT co6oh M03aHKy TpexrpaHHbix 3ep- 
KajibHbix yrnoB. 

IV. 3aKpenjieHue myHeHHoro 

- B neM 3 aKJiK)HaeTca npHHijHn nowreHca? 

~ B neM 3 aKJHOHaeTCB npHHimn OepMa? 

Kaxoe oxpaxceHHe Ha3biBaeTca ,ziH(J)(})y3HbiM, 3epKanbHbiM? 

- C(J)opMyjiHpyHTe 3bkoh npBMOJiHHeimoro pacnpocTpaHeHHJi CBeTa. 

- C^opMyjiHpyHTe 3aKOH OTpaxceHHB. 

- Hto TaKoe njrocKoe 3epicajio? r,ae oho npHMeHaeTCfl? 

V. no^Be;ieHHe HTOroe ypoKa 

^OMauiHee 3a#aHHe 

n. 60. 

H3roTOBbTe MO/iejib nepHCKona h HcnbiTafiTe. 


ypoK 64 . PeuieHHe 3aaan Ha TeMy 
«IIpejioMJieHHe ceeTa Ha iuiockoh rpaHHue» 

Ifejib: HayHHTb nojib30BaTbcs TeoperaHecKHMH 3HaHHHMH Ha npaK- 
THKe. 


Xo ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II. IIoBTOpeHue H 3 yMeHHoro 

- B xaKOM cjiynae yroji rraneHHH paBeH yrny oTpaxceHHB? 

- rioneMy, Haxojyicb b jio^xe, Tpy^Ho nonacTb xonbeM b pbi6y? 

- none My H3o6paxceHHe npe^MeTa b BO^e Bcer^a MeHee apicoe, neM 
caM npe^MeT? 
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- 4to npOHcxo^HT npn nepexoAe jiyna b onTunecKH MeHee rniorayio 
cpe^y c yrjioM npejioMneHHa? 

- Kax H3MeHHJiocb 6bi BHAHtaoe pacnojio»ceHHe 3Be3A Ha He6e, ecjiH 
6b i Hcne3Jia aTMoct{)epa 3 cmjih? 

III. PeuieHHe 3a^an 

1 . lion kbkhm yrjioM a ^ojixceH naAaTb Ha rpaHHijy pa3^ejia cpeA 
Jiyn, H/tyiUHH H3 B03AyXa B HCHAKOCTb, HToObI yrOJl npeJlOMJieHHH 6 liji b 
A Ba pa3a MCHtuie yma na^eHHB (cm. pnc 64.)? CxopocTb cBeTa b Ba- 
xyyMe c = 3* 10 8 jft/c, cKopocrb cBera b khakocth u = 1,73* 10 8 m/c. 



C 7t 

(Omeem: a- 2 arc cos — « — ; a = 60° .) 

2d 3 

2. B B03^yxe ;uiHHa bojihu MOHOXpOMaTHnecKoro CBeTa X\ = 0,6 mkm. 
npn nepexo^e b cTeicno AAHHa bojihw cTaHOBHTca paBHOH \ 2 = 0,42 mkm. 
FIoa kbkhm yrjioM naneHHB a CBer naAaeT Ha nnocKyio rpaHHijy pa3^ejia 
B03^yx - ctckjto, ecjin OTpa^ceHHbiH h npenoMJieHHbiH nynw o6pa3yiOT 
npBMOH yroji? 

JL 

(Omeem: a = arctg— « 0,96 ; a « 55° .) 

K 

3. Jlyn CBera nona^aeT H3 B03Ayxa b cKuriHAap. Ha«AHTe noKa3aTenb 
npejioMJieHHB n ciomHAapa, ecjiH h3bcctho, hto npn yrjie naAemw a = 45°, 
yron npejioMjieHHa p = 30°. 

(Omeem: n = a 1,4 .) 
sin fi 

4. HaH^HTe yroji naaeHHa a Jiyna Ha noBepxHOCTb boah, ecjiH H3- 
BecTHo, hto oh GoJibuie yrna npejiOMjieHHfl cp = 30°. 

nsin (p , . 

(Omeem: a - arctg — » 1,35 ; a « 77 ° .) 

n cos (p - 1 

5. Cbct naAaeT Ha njiocKyio rpaHwny pa3Aena B03Ayx - CTemio. ITo- 
Ka3aTeJib npejiOMJieHHB cTeicjia n- 1,5. HaiiAHTe yroji naAeHHfl a Jiyna, 
ecjiH yroji MeacAy orpa^ceHHbiM h npenoMneHHbiM jiynaMH npaMOH. 

(Omeem: a = arctg n « 0, 98 ; a ~ 56° .) 
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6. B3aHMH0 nepneH^HKyjiHpHBie jiynn 1 h 2 HAyT H3 B03Ayxa b >kha- 
koctl. Ynibi npejiOMJieHH5i pi = 30°, p 2 = 45°. HaiinHTe noxa3aTejib npe- 
J10MJieHH5I H >KHUKOCTH. 

(Omeem: n ~ . ^ « 1,15 .) 

y]sm 2 /?, +sin 2 ^ 2 

7. B ropH30HTajibHoe aho npy^a BepTHKaJibHO b6ht rnecT blicotoh 
H = 1,25 m. Onpe^ejiHTe AAHHy TeHH ot iuecTa Ha A«e npyaa, ecjiH coji- 
HenHbie jiyHH na^aiOT Ha noBepxHoerb bo^m noA yrjiOM naAeHHa a = 60°, a 
rnecT HejiHKOM Haxo^HTCJi b Bo;je. noKa3aTejib npejioMjieHiw bo aw n = 4/3. 

{Omeem: l = H Sina a 1, 1 m.) 
yjn 2 -sin 2 a 


8. B aho BO^oeMa rnyOnHOH H = 2 m B6HTa BepTHKajibHaa cBa*, Ha 
h = 0,5 m BbiCTynaiomafl HaA boaoh. HaHAHTe jxJiHHy TeHH ot cBan Ha 

ropH30HTajn»HOM AHe Bo^oeMa, ecjiH BbicoTa CojiHna HaA ropH30HTOM 
8 = 60°. IloKa3aTejib npejiOMjieHHH boah n = 4/3. 

(Omeem: l~h ctgS + H CQS _ _ ~ \\ M .) 

V« 2 - cos 2 S 

9. MaJibHHK cTapaeTca nonacTb naJiKofi b npe^MeT, HaxoAJHUHHca aa 
ropH30HTajibHOM AHe pyHbfl rjiy6HHOH H = 40 cm, Ha xaicoM paccToaHHH 
/ ot npeflMera najixa nonaAaeT b aho pyabu, ecjiH MajibHHK, tohho Haue- 
jiHBuiHCb, ABHraeT namcy noA ymoM £=45° k noBepxHOCTH boaw? llo- 
xa 3 aTejib npeJiOMJieHH* boaw n = 4/3. 

' i i x 


(Omeem: l = H cos S 


s * n< ^ yin 2 -cos S 


0,15 m.) 


10. KaxoBa HCTHHHaa ray6nHa H 03epa, ecAH H3o6pa>xeHHe AHa Ha- 
XOAHTCfl Ha paCCTOHHHH h = 2 M OT IIOBCpXHOCTH BOAbI? FIoKa3aTejib 
npeAOMJieHHJi boaw n = 1,33. Ha6jiK)AeHHe BeAeTca BAOJib BepTHKajiH. 

(Omeem: H -nh^lj m.) 

11 . B cocyA HajiHTbi ABe HecMeiiiHBaiomHec« achakocth. CBepxy Ha- 
xoahtcji HCHAKoeTb c noKa 3 aTejieM npeAOMJieHHJi n } - 1,3. TonmiiHa ee 
cjioa Hj - 3 cm. IloKa3aTeAb npenoMneHHfl >khakocth n 2 = 1,5, TOAmHHa 
cjioji H 2 - 5 cm. Ha KaxoH rjryOHHe h pacnoAosceHo H3o6pa»eHHe Ana 
cocyAa, ecAH CMOTpeTb Ha Hero CBepxy baojib BepimaJiH? 

(Omeem: h = — + ~ 5,6 cm.) 

«i n 2 


IV. IIoABeAenHe HToroB ypoKa 
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^OMauiHee la/jaHHe 

P - 1022; P- 1023. 


ypoK 65. PetueHHe 3a^an 

Ifejib: oTpaOoTica npaKTHnecioix HaBbiKOB npw pemeHHH 3a^an. 

Xo/j ypoKa 

I. OpraMH3ai|H0HHbIH MOMeHT 

II. Pemeime 3aaan 

1. Yroji na^eHHff Jiyna H3 B03,qyxa Ha CTeKJWHHyio iuiocKonapan- 
jiejibHyio njiacTHHy tojiiumhoh d = 1 cm h noKa3aTejieM npejioMJieHHa 
n = 1,5 paBeH yrjiy nojiHoro OTpaaceHHa juia 3 toh napbi cpe,q. HaiyjHTe 
CMemeHne S Jiyna b pe3yjibTaTe npoxoacqeHiia ckbo3i> nuacTHHKy, to 
ecTb paccTOBHHe MOKqy npOAOJiaceHHeM nona^aromero Jiyna h Bbrure^- 
ui hm jiynOM. 


(Omeem: S - — 
n 


1- 


\]n 2 +1 


0,3 cm.) 


2. HaiiAHTe CMemeHHe S Jiyna, npoxoaamero nepe 3 npo 3 panHyio 
njiocKonapajinejibHyio njiacTHHKy, ecuH yron na^eHHa jiyna a , yroji npe- 
JIOMJieHHJI TOJIIUHHa nJiaCTHHKH d. 


(Omeem: S = 


sin 


( a ~i) 

COS p 


d.) 


3. Jlyn CBeTa na^aeT no^ ymoM naaeHHa a = 30° Ha njiocKonapan- 
jiejibHyio cTeKJiJiHHyio nuacTHHKy. HaRqiiTe TOjimHHy d nuacTHHKH, ecjiH 
paccTOAHHe Mea^qy npojjoiDKeHHeM najjaiomero jiyna h Bbiine,miiHM ny- 
hom S= 1,94 cm. rioKa 3 aTejib npejioMJieHHa cTeioia n = 1,5. 

$ 

(Omeem: d = 7 » 0, 1 m.) 


sin a 


1- 


cosa 


4n- 


V sjn -sin a , 

4. riynoK napajuiejibHbix Jiyneft na^aeT Ha TOJiCTyio CTeKJiJiHHyio mia- 
CTHHKy no# ymoM na,qeHHa a - 60° h, npejiOMJiaacb, nepexoflHT b cTex- 
jio. UlHpHHa nynxa b B03,qyxe a = 10 cm. Onpe/jejiHTe niHpHHy b nynxa b 
CTeKJie. IIoKa3aTejib npejioMJieHHH CTexjia n- 1,5. 


(Omeem: b- a 


sin 1 - si 


sin 2 a 


wcos a 


0,16 m.) 


5. B onTHnecKOM CTeKJie c noica3aTejieM n = y/5 HMeeica HanojmeH- 
Haa B03,qyxoM nojiocTb b BH^e iuiocxonapajuiejibHOH miacTHHKH tojiihh- 
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hoh d = 0,2 cm. Jlyn CBera na^aeT Ha rpaHHuy pa3^ejia CTeicno - B03^yx 
ito/j yraoM naaeHHii a = 30°. Haw^HTe CMemeHHe S jiyna. nocae npoxoac- 

BOa^UIHOH nOJIOCTH. 

/ \ 


( Omeem : S = r/sina 


wcosor 


ivr; 


2 - sin 2 a 


1 =0,2 cm.) 


6. MoaceT jih jryn, npoiiaa ckbo3i> miacTHHKy c napajurejibHbiMH rpa- 
HSMH, CM eCTHTbCB Ha paCCTO*HHe Oojlbiue TOJimHHbi ILTiaCTHHKH? Iljia- 
CTHHKa norpy^ceHa b onTHHecKH o^Hopo^Hyio cpe,ay. 

(Omeem: llycTb noKa3aTejib npejiOMJieHHJi n } cpeflbi 6o;ibiiie noKa3a- 
Tejui npejioMJieHH* ri 2 MaTepwaua ruiacTHHKH. H3 onbiTa npeflbmymeH 
3a,naHH cjreayeT, hto ecjiH yroji naneHHH a npHOjiHacaeTca nojiHoro ot- 
pavfcenHfl, to Bbipa>fceHHe b CKoOKax HeorpaHHHeHHo B03pacTaeT, Tax hto 
CM emeHHe nyna mo^cct 6biTb Oojibine TOJimHHbi ruiacTHHKH.) 

7. Onpe^eJiHTe BpeMB T npoxo>KaeHHsi CBeTa nepea njiocKonapajr- 
nejibHyio cTeKJiBHHyio nnacTHHKy tojhhhhoh d - 3 * 1 0 -3 m. Yron naAeHHa 
jiyna Ha nnacTHHKy a ~ 30°. rioKa3aTejib npejioMjieHHfl CTemia n = 1,5. 
CKopocTb CBeTa b BaxyyMe c = 3*10* m/c. 

(Omeem: T = - - ” =» 1,6-KT" c.) 

c yjn 2 - sin 2 a 


8. Jlyn CBeTa naAeHHH a = 60°. BpeMa npoxo^aeHHJi CBeTa nepe3 njia- 
CTHHKy T = MO -10 c. Onpe^enHTe TOJimwiy d ruiacTHHKH. noKa3aTejib 
npejiOMJieHHJi CTeiora n = 1 ,5, cxopocTb CBeTa b BaxyyMe c = 3*1 0 8 m/c. 

trk , rp >/« 2 -sin 2 a 2 , 

(Omeem: d = c T = « 1 , 6 * 10 m.) 

n 

9. ^Be njiocKonapajuiejibHbie ruiacTHHKH o^HHaKOBOH TOJimHHbi c 
HOKa3aTeJi5iMH npejroMjieHHfl nj = 1 ,5 h n 2 = 2 cootbctctbchho npnacaTbi 
Apyr k Apyry. Ha nepByro nnacTHHKy na^aeT H3 B03,ayxa nyn CBeTa no^ 

T 

yraoM naaeHHa a = 30°. HaiujHTe oTHomeHwe — BpeMen npoxoacaeHHJi 

^2 


cseTa nepe3 nepByro h BTOpyro ruiacTHHKH. 

«, | \/«2 -si 

n 


(Omeem: — = 




sm 2 a 


\/«i 


sin 2 a 


0,77.) 


III. no^Be^eHHe HToroB ypOKa 

^OMauiHee 3a^aHHe 

P - 1026; P- 1034. 
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ypoK 66 . IIojiHoe BHyTpemiee oTpamemie 
IJeJit: no3HaKOMHTb c JiBJieHHeM nojiHoro BHyTpeHHero OTpaaceHHa. 

Xo,n ypOKa 

I. OpramnamioHHbiH momcht 

II. HoBTopeHH 6 H3yHeHHoro MaTepHajia 

- Hto TaKoe npejiOMJieHHe CBeTa? 

- Kaxaa cpe^a Ha3biBaerca oirranecKH 6ojiee iuiothoh hjih MeHee ruiOT- 

HOH? 

- rioneMy Ha6jiio^aTejiio, cMOTpameMy cBepxy Ha Boziy, rjiy6HHa peKH 
Ka>KeTC5i MeHtrne, neM Ha caMOM aejie? 

- C(})opMyjiHpyHTe 3aKOH npenoMjieHHa. 

- CziejiaHTe nepTox h aaHTe o6”b5icHeHHe, b KaKOM cjiynae yroji npe- 
jiOMjieHHa 6ojiB»uie yrna najjeHHa. 

III. npoBe^eHHe caMOCTOHTejibHOti paooi bi 

Bapuanm I 

1 . B KaKOM cjiynae yroji npeJioMJieHHii paBeH yray naaeHHa? 

A. TonbKo Tor^a, xorjja noKa3aTejiH npenoMjieHHa AByx cpe,a o,aH- 
HaKOBbl. 

E. Tojibko Tor^a, xor,aa na/jaioiHHH nyn nepneH^HKyaapeH k no- 
BepXHOCTH pa3,nejTa cpejj. 

B. Koirja noKa3aTeJiH npejiOMJieHHa flByx cpea o^HHaxoBbi; na- 
^aioinHH Jiyn nepnenaHxyjuipeH k noBepxHocTH pa3^ena cpe,a. 

2. rtoneMy, Haxo^acB b jioaxe, Tpy^Ho nonacTb Kom>eM b pbi6y, ruia- 
Baiomyio HeB^ajieKe? 

A. Tax xax H3o6paxceHHe pbi6bi b BOfle mhhmoc h npHno^HJiTO k 
nOBepXHOCTH BOflbl. 

E. Tax KaK H3o6pa>KeHHe pbi6bi b Bo^e mhhmoc h CMemeHo b npo- 
THBOnOJIO)KHyiO CTOpOHy OT JIO.IUCH. 

B. Tax xax H3o6pa>xeHHe pbi6bi b Bo,ue ^eHCTBHTeiibHoe, ho npH- 

nOAHJITO X nOBepXHOCTH BO,HbI. 

3. Ecjih paccMaTpHBaTb aho Bo^oeMa Ha rjiy6HHe 2,66 m, to 6yaeT 
xa 3 aTbca, hto rjiy6HHa paBHa: 

A. 2 m. 

B. 1,38 m. 

B. 2,66 m. 

4. IIoHeMy H3o6pa>xeHHe npe^MeTa b Boae Bcema MeHee apxoe, neM 
caM npe^MeT? 

A. Ha rpaHHue cpe,a B03,uyx - Bo^a CBeT nornomaeTca. 




ypoK 66. nofiHoe eHympennee ompaxenue 


197 


E. Ha rpaHHqe cpe^ B03^yx - BO^a cbct hbcthhho OTpa>xaeTca, 
nacTHHHO npejiOMjiaeTca. 

B. Ha rpaHHije cpe;i B03^yx - BO^a cbct npeJioMJiaeTca. 

5. BoAOJia3 paccMaTpHBaeT H3 bo^bi CBeTamyioca jiaMny, nojjBemeH- 
Hyio ot noBepxHocTH bo,bi,i Ha BLicoTe 1 m. EMy 6y^eT xa3aTbCH, hto 
BbicoTa: 

A. Eojituie 1 m. 

E. MeHbuie 1 m. 

B. PaBHa 1 m. 

6. Ecjih yroji najjeHH* Jiyna Ha noBepxHocTb pa3£ejia ^Byx cpe£ yBe- 
jiHHHBaeTca, to OTHocHTejibHbm noKa3aTejib npejiOMJieHHa othx cpea: 

A. YBejiHHHBaeTca* 

E. yMeHbiuaeTC5i. 

B. He H3MeH5ieTC5i. 

(Omeentbi: 1. B; 2. A; 3. A; 4. E; 5. A; 6. B.) 

Bapuaum II 

1. ^Ba nejiOBexa, cToamne no pa3Hbie CTOpoHbi cTexjwiHHOH ^Bepn 
jihuom jipyr x flpyry, MoryT oflHOBpeMeHHO BH^eTb BHyrpeHHOCTb no- 
MemeHHa. noneMy 3 to nponcxo^HT? JJiin koto H3 hhx xapTHHa 6y^eT 
6ojiee apKOH? 

A. Tax Kax oahh bh^ht BHyTpeHHocTb noMemeHim b nponcxoAfl- 
meM, a apyrofi - b oTpaaceHHOM CBeTe. B np 0 HCX 0 A«meM CBeTe 
KapTHHa 6y^eT MeHee flpxafl. 

E. Tax xax o^hh bh^ht BHyTpeHHocTb noMemeHH* b nponcxo^a- 
meM, a Apyron - b OTpa^xeHHOM CBeTe. B OTpaaceHHOM CBeTe 
xapTHHa 6yneT MeHee apxa jl 

B. 3to bo3mo)kho TOJibxo Tor.ua, xor^a b xoMHaTe ycTaHOBJieHbi 
3epxana. 5IpxocTb o^HHaxoBa* 

2. Ha xaxoH no3HUHH pnc. 65 6ojiee npaBHjibHo HanepneH xoa ny- 
Hefi? 



A. «a». 

E. Tojibxo «6». 
B* «6» , «b». 


Puc. 65 
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3 . Ecjih paccMaTpHBaTL KaMCHL, jiexcamHH Ha £He Bo^oeMa b tohkc I 
noj* He 6 ojibiHHM ymoM, to mu bh^hm ero b tohkc: 



A. 1. 

E. 2. 

B. 3. 

4. KaK MeHJHOTCH Ka^cymHecB pa3Mepu npejjMera b aoae? 

A. y BejIHHHBaiOTCJI. 

E. yMeHbiuaiOTca. 

B. He H 3 MeHBK>Tca . 

5. J\nx HaxoacaeHHB npeaeJibHoro yrjia npw najjeHHH jiyna Ha rpaHH- 
uy cTeicno - Bo^a h>okho HcnoJib30BaTb (J>opMyjiy: 

a n c 

A. sm ar„ = — . 

”p „ 
n b 

B- sin 

_ . n. 

B. sincx = — . 

"P M 

H c 

6. KaK H3MeHHjiocb 6u bhummoc pacnojioaceHHe 3Be3A Ha He6e, ecjiH 
6u Bapyr Hcne3Jia aTMOC(J)epa 3cmjih? 

A. CMeCTHJIOCb 6bl OT 3eHHTa. 

E. CMecTHJiocb 6bi k 3ennTy. 

B. CMemeHHa He npoH3omjio 6u. 

(OrBeTbi: 1. E; 2. B; 3. E; 4. A; 5. B; 6. A.) 

IV. H3yneHHe hoboto MaTepnajia 

1. JleMOHCTpauHfl onura. 

OnbiT c onTHnecKOH mafiGoH. (TojibKo Tenepb Ha6jiK>,aaeM nepexoa 
CBera H3 onTHnecKH 6oJiee fuiothoh cpeau b MeHee iuiOTHyio.) 

2: PaccKa3 yHHTejia. 

Ha rpaHHue creicjio - Boazjyx nacTb nyqKa OTpa3HTca b cooTBeTCTBHH 
c 3aKOHOM OTpa^ceHHa, a nacTb npoHAeT b B03Ayx, h3mchhb nanpaBJie- 
HHe. npw 3tom yroa npejiOMJieHiw 6ojibme yrjia naaeHHJL yBeJin*MBaa 
yroji najjeHwa, yroa npeJioMJieHHa yBeJiHHHBaeTc» 6biCTpee, yBejiHHHBa- 
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eTCH HHTeHCHBHOCTt nyna OTpa>KeHH5i, a HHTeHCHBHOCTfc yrua npe^OM- 
jieHHH na^aeT. 

IIpH AajiBHeHineM yBeuHHeHHH yrjia yroji npeuoivtueHHfl cTaHOBHTcu 
paBHHM 90°. Cbct H^eT b^ojib rpaHHuti pa3^ejia cpejx ctckjio - B03jjyx. 



: Puc. 67 

sin a n n , . n , 

— = — => a. - arcsin— . 

sin 90° n { n x 

J^jix B03uyxa a 0 = arcsin — , npn a > a 0 cbct OTpa^aeTcu o6paTHo b 
n 

nepByio cpejjy. 

HanMeHLuiHH yrou na^eHHH ao , npn kotopom HacTynaeT nonHoe 
BHyTpeHHee oTpaaceHHe, Ha3biBaeTC» npefleubHHM yrjiOM nojinoro OTpa- 
>KCHna. /laHHoe uBueHHe HaSuKxuaeTca npn nepexoue CBeTa H3 onTHHe- 
ckh 6ojiee nnoTHOH cpe/ibi b onTHHecKH MeHee nnoTHyio, ecjin cbctoboh 
nynoK najiaeT Ha rpaHHny pa3,neua noa yruoM, KOTOpbiii 6oubiiie npe- 
ijejibHoro. 

nojTHbiM BHyTpeHHHM oTpaaceHHeM oG-bacHHeTca 6jiecK xaneub pocu 
Ha cojiHeHHOM cBeTe, CBeTamneca (})OHTaHbi, 6jiecK SpnuuHaHTOB, xpy- 
CTajia. Ohh Gjicctht, noTOMy hto naMiomHH Ha hhx cbct nouHOCTbio 
oipa^aeTca, He nona^aa BHyTpb ny3bipbKOB. 

JaHHoe aBjieHHe Hcnonb3yeTca b bouokohhoh onTHKe arx nepe^ann 
CBeTa h H3o6paaceHHa no nynxaM npo3panHbix th6khx bojiokoh - cbcto- 
bo^ob. 

Oh npe^cTaBJiaeT co6oh TOHKoe bojiokho UHJiHHZjpHHecKOH cjiopMbi 
H3 KBapueBoro CTeKJia c ,no6aBJieHneM repMaHHa h 6opa. TonmnHa bojio- 
koh OT 100 MJCM JX O 1 MKM. 

3a cneT MHoroKpaTHoro nojinoro OTpa>KeHHa CBeT MoaceT 6biTb Ha- 
npaBjieH no nioGoMy npflMoMy hjih H3orHyToMy nyra. Co3,aaK)Tca bouo- 
KOHHbie UHHHH CB»3H npOTJDKeHHOCTbK) JX 0 COTCH KHUOMeTpOB. BOUO- 
KoHHbifi xa6eub TOHbine TenetjioHHoro h n03B0uaeT nepe,aaBaTb Soubuie 
coo6meHHH. >KryTbi H3 bojiokoh Hcnom>3yioTai b mcjjhuhhc jxjis Hccue- 
uoBaHHa noubix BuyTpeHHHX opraHOB: ctchok >Kejiyjjica, nnmeBo^a, kh- 
uieHHHKa h jx aace KpoBeHOCHbix cocy^OB. 
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3 . AHOIIH3 3KCIiepHM eHTOB . 

3KcnepuMenm 1 

Me^Hyio MOHeTy 3apaHee 3aKonTHTt. 3aTeM iioji<»khti> ee rep6oM 
BBepx Ha aho cocy^a c bo^oh. H b TaKOM bhac noKa3aTL ynamHMca. OHa 
Ka^ceTCB cepe6pHHOH* 

OdwcHenue nejieHux: H3-3a kotioth noBepxHOCTL MOHerbi noKptrra 
cjioeM B03^yxa, Ha rpaHHue KOToporo c boaoh npowcxoAHT nojiHoe 
BHyTpeHHee orpaaceHHe CBeTa, ocBemaiomero MOHeTy. 

3KcttepuMeHm 2 

BojiLiiiyio CTeKJiBHHyio 6yTtuib c 6 okoblim Ty6ycoM ycTaHOBHTt Ha 
BbicoTe 40 cm naA ctoaom. B Ty6yc BCTaBHTt npo6icy, cKB03b KOTopyio 
nponycTHTL He6ojibmyio CTeKAAHHyio rpy6icy. Jlynw CBeTa ot npoeiojH- 
OHHoro <j)OHapfl coOpaTb Ha OTBepCTHH Ty6yca. EyTbiAt HanojiHHTb bo- 
AOh, h nycTL BOAa BLiTexaeT H3 cahbhoh Tpy6KH. Ecah BOAy cjierKa 3a- 
MyTHTb MOAOKOM, TO BLITCKaiOmaJI BOAS 6yACT CBeTHTLCA. 

06bACHeHue nejieHUR: 

JlyHH CBeTa, nocTynaiomero BHyTpb CTpyH, HcntiTtiBaioT noAHoe 
BHyTpeHHee OTpaaceHHe h cAeAyiOT baoab CTpyH. A hbcthuli MOAOKa 
pacceHBaioT cbct bo Bee ctopohbi h acabiot CTpyio bhahmoh. 

V* 3aKpenAeHHe MaTepHaAa 

- Cacabb qepTeAc, oSbacHHTe cymHocTt abachha noAHOro BHyTpeH- 
Hero OTpaaceHHA CBeTa? 

- Hto Ha3biBaioT npeACALHWM yrAOM noAHoro BHyTpeHHero oTpaace- 
HHA CBeTa? 

- KaxoBo npaKTHHecKoe npHMeHeHHe noAHoro BHyTpeHHero OTpaace- 
HHA CBeTa? 

- Mto TaKoe cbctoboa? 

VI. IIoABeAeHHe htotob ypoKa 
^OMauiHee vajianac 

C noMombio ctckajihhoh Tpy6KH H3orHyTL Jiyn CBeTa. IIpeAAOACHTe 
cboh npoeKTH pemeHHA. 


ypoK 67 . PeuieHHe 3aAan 

IJeiib: HayHHTL noAB 30 BaTbC 5 i TeopeTHHecKHMH shbhhamh Ha npax- 
THKe. 

Xoa ypoKa 

I. OpraHHiaHHOHHMH MOMeHT 




YpoK 67. PeujeHue aadav 


201 


II. IIoBTopeHHe H3yneHHoro 

- Hto Ha3hiBatoT oTpa^ceHHeM cbctb? 

- Hto Ha3biBaiOT naaaiomHM aynoM? YraoM naaemw? OTpaaceHHbiM 
ay mom? YrjioM OTpaMcemia? 

- C(J)opMyji Hpy HTe 3axoHbi oTpaxceHHH. 

- Hto Ha3biBaiOT npeaoMaeHHeM cBe ia? 

- C4>opMyjiHpyHTe h 3anHiiiHTe 3aKOHbi npeaoMaeHHa. 

- Kaxofi c|)H3HHecKHH CMbicji OTHOCHTeubHoro noKa3aTeji« npeaoM- 
jieHHH? A6coaioTHoro noxa3aTeaa npeaoMaeHHH? 

- KaKoe oTpa^ceHHe Ha3biBaioT 3epKajibHbiM? ,ZtH(i><J)y3HbiM? 

- Hto Ha3biBaioT npeaeabHbiM yrjioM noJiHoro BHyipeHHero oTpaace- 
hh»? 

- KaKOBO npaKTHHecKoe npHMeHeHHe noaHoro BHyTpeHHero oipa- 
)KeHH a cBeTa? 


III. PeiueHHe 3aaan 

1. Ha flHe BoaoeMa rayGHHOH H = 1,2 m naxoanTCH ToneHHbiH hctoh- 
hhk CBeTa. HawaHTe HawSoabmee paccTOHHue S ot HCTOHHHxa ao Tex 
Tonex Ha noBepxHocTH, rae jiynn Bbixoa»T H3 Boabi. IIoxa3aTeab npe- 
aoMJieHHa Boau n = 4/3. 

(Omeem: S = . H * H » 1, 8 m.) 
v« 2 -l 

2. ToneHHbiH hctohhhk CBeTa HaxoaHTca Ha aHe cocyaa noa caoeM 
)KHaKOCTH TOamHHOH H — 0,9 M. Fl0Ka3aTeHb npeaOMaeHHH HCHaKOCTH 
n = 1,25. onpeaejiHTe MaxcwMaabHoe BpeMa T, 3a xoTopoe CBer, Bbixo- 
aamHH b B03ayx, npoxoaHT caow )KnaKOCTH. CxopocTb CBeTa b BaxyyMe 
c = 3*10 8 m/c. 

„2 TT 

(Omeem: T -—== — = 6,25*10“* c.) 

c 


3. FIoBepxHocTb 03epa rayGHHOH H = 1,3 m noxpbiTa tohxhm caoeM 
abaa co cHeroM, npaxTHHecxw He nponycxaiomHM cbct. HafiaHTe nao- 
maab S cBeTHoro naraa Ha ropH30HTaabHOM aHe ot noabiHbH b $opMe 
xpyra paawycoM R = 2 m. 03epo ocBemaeTca pacceaHHbiM cbctom. rioxa- 
3aTeab npeaoMaeHHa Boaw n - 4/3. 


(Omeem: S = n 



2 


« 38 m 2 .) 


4. KBaapaTHbiil naoT co cTOpOHOH a = 4 m naaBaeT b Boae. EToa UCH- 
TpoM naoTa HaxoaHTca tohchhuh hctohhhx CBeTa. Ha xaxofi Maxcw- 
MaabHOH ray6HHe H caeayeT noMecTHTb ToneHHbiH hctohhhx, hto 6 h 
cBeT He Bbixoami b B 03ayx? FIoxa3aTeab npeaoMaeHHa Boau n = 4/3. 
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( Omeem : H = ^\!n 2 -1 * 1,76 m.) 

5. Ha KaKofi rjiy6HHe H noA boaoh HaxoAHTca ctoaiahh Ha AHe boao- 

Aa3, eCJIH OH BHAHT OTpa^CeHH bIM H OT ITOBepXHOCTH BOAbI Te HaCTH rOpH- 
30HraAbHoro AHa, KOTopue pacnoAoaceHbi ot Hero Ha paccTOAHHH / = 15 m 
h Gonbuie? Fna3a BOAona3a hoxoahtca Ha paccToaHHH h~ 1,8 m ot AHa. 
noica3aTeAb npeAOMAeHHa boam n = 4/3. 

(Omeem: H = ~^h + l\ln 2 -1 j * 7,5 m.) 

6. ToneHHbiH hctohhhk cBda pacnojioweH Ha ropH30HTanbHOM AHe 
BOAOeMa TAy6HH0H h = 0,6 M. B HeKOTOpOH T04Ke nOBepXHOCTH, Bbl- 
meAHieH Ha B03Ayx, hctohhhk cBeTa nepneHAHKynapeH OTpaaceHHOMy 
Ayny. Ha kbkom paccroaHHe l ot HCTOMHHKa oTpaaceHHbiii nyH AocTHrHeT 
AHa? noKa3aTeAb npeAOMAeHna boam n - 4/3. 

(Omeem: 1-2— = 0,9 m.) 
n 

7. noA KaKHM yrAOM (p k ropH30HTy bhaht 3axoAsmee CoAHue neAO- 
Bex, HaxoAHiAHHca noA boaoh? noKa3aTeAb npeAOMAeHHa boaw n = 4/3. 

(Omeem: cp = arccos— a 0,72 ; <p* 41°.) 
n 

IV. IIoABeAeHHe htotob ypoKa 
/(oMauiHee iaAamie 

P- 1033. 


ypoK 68. JlafiopaTopHan pafioTa 
no Terwe «H3MepeHne noKa3aTejin npejiOMJieHnsi CTeKJia» 

Odopydoeanue: Heo6x o ahm bi e cpeACTBa H3MepeHHa. 

Xoa ypoKa 

B paSoTe H3MepaeTca noica3aTeAb npeAOMAeHHa ctckaahhoh nAacTH- 
hjbi, HMeiomen (})opMy TpaneuHH. Ha oAHy H3 napaAAeAbHbix rpaHefi mia- 
CTHHbl HaKAOHHO K HeH HanpaBAAIOT y3KHH CBCTOBOH nyHOK. npOXOAA 
4epe3 nnacTHHy, otot nynoK cBexa wcnbiTbiBaer ABytcparHoe npejioMAe- 
HHe. Hctohhhkom caeTa cnyacHT oAeKTpHHecKaa AaMnonica, noAKAioHeH- 
Haa nepe3 kjhoh k KaKOMy-AH6o HCTOHHHKy Toxa. Cbctoboh nynox C 03 - 
AaeTca c noMombio MeTaAAHHecxoro 3xpaHa co meAbio. npH 3 tom iiih- 
pHHa nynxa MO>xeT MeHaTbca 3a cneT H3MeHeHHa paccToaHHa MCVKjjy 
3KpaHOM H AaMnOHKOH. 





IToKa3aTejii> npejiOMjieHiw creiuia oTHOCHTejibHO B 03 «yxa onpeaejui- 
ercji no <{>opMyjie: 


sin a 
sin/? ’ 


ry*e a - yroji iia^CHHa nyHKa cseTa Ha rpaub luiacrHHbi H3 B03Ayxa b 
creKjro; p- yroji npejioMJieHHfl CBeTOBoro nyHKa b cxeKJie. 


/Jjw onpe^ejreHHfl oTHouieHHa, CTO»mero b npaBOH nacTH (j)opMyjibi, 
nociynaiOT cjieAyiomHM o6pa30M. IlepeA reM KaK HanpaBHTb Ha ruiacTH- 
Hy CBeroBon nynoK, ee pacnonaraioT Ha CTOJie Ha JiHcre MHJiJiHMerpoBOH 
6yMarn (hjih Jincre 6yMarw b KJieTKy) Tax, hto6h o^Ha H3 ee napajuiejib- 
Hbix rpaHefi coBnajia c npe^BapureJibHO OTMeneHHOH jihhhch Ha 6yMare. 

3ra jihhhk yTcaaceT rpaHnny pa3Aejia cpeA B03^yx - ctckjio. Tohko 
OTTOHeHHHM xapaHAainoM np OBo^aT JiHHHHD B^ojib BTOpofi naparuiejib- 
hoh rpaHH. 3ra jihhhb H3o6pa)KaeT rpaHHny pa3flejia cpeA ctckjio - bo3- 
ayx. riocne 3Toro, He nepeMemas njiacTHHbi, Ha ee nepByio napajuiejib- 
Hyio rpaHb HanpaBJiaiOT y3KHH nynoK noA KaKHM-Jin6o yrjioM k rpaHH. 
B ao Jib na^aiomero Ha njiacraHy nyHKa h BbimeAuinx H3 Hee cbctobwx 
nyHKOB tohko OHHHeHHUM KapaHAaiuoM CTaBBT tohkh 1 , 2 , 3 h 4 . Flocae 
3 toro JiaMnoHKy BbiKjnonaioT, ruiacTHHy CHHMaiOT h c noMombio JiHHen- 
kh nponepHHBaiOT bxoajhuhh, blixoajhuhh h npejiOMjieHHbifi jiynn. 

Hepe3 TOHKy B rpaHHuw pa3AeJia cpeA B03Ayx - CTeKJio npoBOAflT 


nepneHAHKyjwp k rpaHHue, OTMenaiOT yrau naAenns a h npeAOMAeHHH 
p. /lajiee c noMombio uwpKyjia npoBOA^T OKpyacHOCTb c ueHTpoM b tohkc 
B h crpoirr npuMoyrojibHbie TpeyroJibHHKH ABE h CBD. 

AE CD 

Tax KaK sin a = , sin B ~ h AB = BC, 

AB BC 
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to (JjopMyjia ana onpeaejiemia noica3aTe:iia npenoMJieHHa cTexjia npHMeT 


n 


np 


AE 

DC 


(i) 


/tnHHy OTpe3KOB AE h DC H3Mep5»oT no MHJiJiHMeTpoBOH 6yMare 
HJIH C nOMOmblO JIHHeHKH. IIpH 3TOM B 06OHX CJiynaaX HHCTpyMeHTaJlb- 
Hyio norpeniHOCTB mo>kho CHHTaTb paBHOH 1 mm. norpeiimocTb OTcneTa 
Haao B3BTb Taioxe paBHOH 1 mm ana yneTa hctohhocth b pacnojio>KeHHH 
JiHHenKH omocHTejibHO xpaa CBeroBoro nynxa. 

MaKCHMajibHaa a6cojnoTHaa norpenmocTb onpeaenaeTca no (J>op- 
Myjie: 

An = n n • s . 

np 


(3aecb n np - npn6jiH>KeHHoe 3HaneHHe noica3aTejia npenoMjieHHa, on- 
peaenaeMOe no (JjopMyjie 1.) 

OKOHHaTejibHbin pe3yjibTaT H3MepeHHa noKa3aTejia npejioMJieHna 3a- 
nncbiBaeTca Tax: 


n = n„ p ±An. 


rto^roTOBKa k npoae^eHHio paooTbi 

1. no,aroTOBHTb 6jiaHK oTneTa c Ta6jini|eH ana 3anncH pe3yjibTaTOB 
H3MepeHHH H BblH HCJieHHH 


H3MepeHo 

BbIHHCJieHO 

AE, MM 

DC, MM 

ftfiD 


ADC, mm 

£, % 

An 

ipMan 








2. IIoflKJiiOHHTb jiaMnoHKy nepe3 BbiKJiiOHaTejib k HCTOHHHKy Toxa. C 
noMombio 3KpaHa co menbio noJiynHTb tohkhh cbctoboh nynoK. 


ripouejeHne 3KcnepHMCHTa, o6pa6oTKa pe3yjibTaTOB imiepemiH 

1. Pl3MepHTb noKa3aTejib npejioMJieHna CTexJia oTHOCHTenbHO B03ay- 
xa npn KaKOM-HH6yai> yrjie naaeHHa. Pe3yjibTaT H3MepeHna 3anncaTb c 
ynexoM BbiHHCjieHHbix norpeuiHOCTeH. 

2. IloBTopHTb to ace npn apyroM yrne naaeHHa. 

3. CpaBHHTb pe3yabTaTu, noJiyneHHbie no (JjopMynaM: 

\ -An, <n, <« w +An, , 

% ~An 2 <n 2 <n 2 v +An 2 . 

4. C^eJiaTb BbIBOa O 3aBHCHMOCTH (HJIH He3aBHCHMOCTH) nOKa3aTeJlfl 
npejioMJieHna ot yma naaeHHa. (MeToa cpaBHeHHa pe3ynbTaTOB H3Me- 
peHHH H3JioaceH bo BBeaeHHH k na6opaTopHbiM paGoTaM b yqeGHHKe (})h- 
3KKK.) 
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KoumpojibHbiu eonpoc 

Mto6h onpe^ejiHTL noKa3aTejii> npejiOMjieHHS creicia, AOCTaTOWHo 
H3MepHTi> TpaHcnopTHpOM ynibi a h p h blihhcjihtl oTHomeHHe hx ch- 
HycoB. KaicoH H3 3thx weTO^OB onpe^ejieHHB noKa3aTeiia npejiOMJieHHB 
npe^noHTHTejiLHee: 3tot hjih Hcnojib30BaHHbiH b paGoTe? 

^OMauiHee 3a^aHne 

n. 59-62. 


ypOK 69. JIHH3bI. IloCTpOeHHe B JIHH3aX. 

^>opMyjia jiHH3bi 

IXenbi aaTt 3HaHH« o jiHH3ax, hx <})H3H4ecKHX cBOHCTBax h xapaKTe- 
pHCTHKaX. 

Xoa ypoKa 

I. OpraHU3aUH0HHbIH momcht 

II. H 3 y 4 eHHe Hoeoro MaTepuajia 

^BjieHHe npejiOMJieHHB cseTa jiokht b ocHOBe jjeifCTBHfl jihh3 h mho- 
thx onTHHecKHX npHGopos, cjiy>xamHx juia ynpaBJieHHfl CBeTOBbiMH 
nynKaMH h nojiyneHHH onTHnecKHx H3o6pa>xeHHH. 

JlHH3a - 3 to onTHnecKOe np03panHoe Teno, orpaHHHeHHoe c(J>epHHe- 
ckhmh noBepxHOCTBMH. CymecTByeT flBa Bnaa jihh3 (cm. pHC. 69): 

а) Bbinyicnbie; 

б) BorHyTbie. 


■ 


■ 

■ 

■ 

■ 

■ 


1 


1 

■ 

■ 

■ 

■ 



BbinyKjibie JiHH3bi 6bmaioT: ^BOHKOBbinyicnbiMH, ruiocKOBbinyiaibiMH, 
BorHyTO BbinyicjibiMH. 

BbirHyTbie JiHH3bi MoryT GbiTb: ^BOBKOBorHyTbiMH, njiocKOBorHyTbi- 
MH, BbinyKJIO BOrHyTbIMH. 

JlHH 3 bi, y KOTOpbix cepe^HHbi TOJime neM Kpaa, Ha3breaioT co 6 Hpaio- 
ihhmh, a y KOTOpbix TOJime Kpaa - pacceHBaiomHMH. 

SKcnepuMenm 

flynoK cBera HanpaBjiaiOT Ha ABoaKOBbinyKJiyio jiHH3y. Ha6jnoaaeM 
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cofinpaiomee ueficTBHe tskoh jihh3bi: KaacubiH Jiyn, nauaiomHH Ha JiHH3y 
nocjie npenoMJieHHH eio oTKjioHaeTCfl ot cBoero nepBOHaHajiBHoro Ha- 
npaBJieHH«, npHfijiHacaacB k rjiaBHOH ojithhcckoh och. 

OnucaHHbiH ontiT ecTecTBeHHUM o6pa30M iioubouht ynaiBHxcB k 
noHHTHaM rjiaBHoro <j>oicyca h (fioicycHoro paccTo«HH» jiHH3bi. 

PaccTOHHHe ot onTHnecKoro ueHrpa jihh3bi 40 ee maBHoro (fjoicyca 
Ha3bJBaiOT (^oicycHbiM paccTOBHHeM jihh3u. 06o3HanaioT ee SyicBOH F, 
KaK h caM (fjoicyc. 

JJajiee BBiacRseTCfl xojx CBeTOBbix Jiynen Hepe3 paccenaaioiuyio jihh- 
3y. AHajiorHHHbiM o6pa30M paccMaTpHBaeTca Bonpoc o uchctbhh h na- 
paMeTpax pacceHBaioiueH nHH3bi. OcHOBBiBaacb Ha 3iccnepHMeHTajiBHBix 
Mhhmx, mohcho cueaaTB Bbraou: 4>oicyc pacceHBaioiueH jihh3bi mhhmbih. 


Bhieod (popMyjjbi moHKOu Jiumbi 



M3 nouofiHH 3auiTpHxoBaHHbix TpeyrojibHHKOB (pHc. 70) cneuyeT: 

h d-F h F 

H~ F H ~ f — F ’ 


oTicyua 


d-F 

F 


F 

f-F' 


df = dF + Ff , df = F(d+f ), 


F = 


df 

d + f 


1 1 1 

HJIH — = — H , 

F f d 

rue a - paccTOHHHe npeuMexa ot jihh3bi; / - paccTOJiHHe ot jihh3bi uo 
H 3o6pa)KeHHfl; F - (fjoicycHoe paccTOBHHe. 

OnTHnecKau CHJia jihh3bi paBHa: 



ypoK 70. PeiueHue 3adan 


207 



npH pacneiax hhcjiobbic 3 HaneHH 5 i fleHCTBHTejiBHtix bcjihhhh Bcerna 
nOtfCTaBJWEOTCfl CO 3 HaKOM «nJIK)C», a MHHMBIX - CO 3 HaKOM «MHHyC». 


JluHeuHoe yeejiunenue 



H 3 no,ao6Hfl 3aniTpHX0BaHHbix TpeyrojitHHKOB (pwc. 71) cjieayeT: 

H m L r = L 
h d' d' 

III. 3aKpenjietMe myHemioro 

- IToneMy <})OKyc pacceHBaiomeH jihh3bi Ha3biBaeTc» mhhmbim? 

- HeM oTHHHaeTCH flencTBHTejiBHoe H3o6pa»ceHHe tohkh ot MHHMOrO? 

- IIo KaKOMy npH3HaKy mo>kho y3HaTt: co6Hpaiomaji 3Ta JiHH3a hjih 
pacceHBaiomaH, ecjin cyflHTt tojibko no <J)opMe? 

IV. IIoABeAeHHe HToroe ypoKa 


YpoK 70. PeuieHHe 3ansm 
no TeMe «Co6upaioii4a$i jiHH3a» 

IJejib: HaynHTB nonB30BaTBC5i TeopeTnnecKHMH 3HaHH«MH Ha npax- 
THKe. 


Xo;i ypoKa 

I. OpraHinauHOHHKiH momcht 

II. IIoBTOpeHue H3yneHHoro 

- Ha 30 BHTe cbohctbo BBinyKjioH jihh 3 bi. ( Co 6 upamb napajuiejibhbie 
nynu e odny momcy.) 

- C noMOinbio JIHH3BI Ha 3KpaHe nojiyHHJin H3o6pa>KeHHe npe^MeTa. 
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Hto npoH30H^eT c 3 thm n3o6pa>KeHHeM, ecjiH !4 AHH3bi 3aicpbiTb 
Henp03paHH0H niHpMOH? ( yMeHbiuumcH npKocmb U3o6pa2tceHM.) 

- r,zje nojiynaeTCH H3o6paHceHHe nocne npejioMJieHHa jiyneH co 6 h- 
paiomeH jihh 3 i>i, ecnH npeAMeT HaxoAHTca MeacAy <|>OKycoM h jihh- 
30H? ( Meoicdy (pOKycoM u deoumiM (poKycubm paccmonnueM co 
cmopoHU npedMema .) 

- nocTpoifre xoa Jiynefi b co6npaiomeH jiHH3e. 

- riepefl co6HpaiomeH ahtooh, onroHecKaji cmia KoropoH paBHa 2,5 Amp, 
Ha paccTOHHHH 30 cm HaxoAHTca npeAMeT bbicotoh 20 m. Onpe- 
AeJlHTe Ha KaKOM paCCTOAHHH OT J1HH3M HaXOAHTCA H306pa»CeHHe. 
(-12 m.) 


III. Pemeime 3a^an 

1. TOHeHHBIH HCTOHHHK CBCTa HaXOAHTCfl Ha paCCTOAHHH d = 15 CM OT 
co6HpaiomeH AHH3bi h Ha paccTOAHHH h = 1 5 cm ot ee rnaBHOH onTHne- 
CKOH OCH. OoxyCHOe paCCTOBHHe AHH3bI F= 10 CM. HaHAHTe paCCTOBHHe 
fH Hot H3o6pa)KeHHa ao ahh3bi h ao rAaBHOH onTHHecKOH och cootbct- 

CTBeHHO. 

dF hv 

( Omeem : f = = 30, H = = 10 cm.) 

d- F d -F 

2. npeAMeT HaxoAHTcx Ha paccTOAHHH d ~ 1,8 m ot co6HpaiomeH 
AHH3bI. HailAHTe (J)OKyCHOe paCCTOAHHe F AHH3bI, eCAH H30(5pa5KeHHe 
MeHbiue npeAMeTa b« = 5 pa3. 

(Omeem: F = ^ =0,3 m.) 
n + l 

3. OoxycHoe paccToxHHe ahh3bi F = 5 cm. Tohchhuh hctohhhk CBeTa 
HaXOAHTCJI Ha rAaBHOH OnTHHeCKOH OCH AHH3BI Ha paCCTOHHHH d - 6 CM 
ot AHH3M. JlHH3y pa3pe3aiOT no AHaMeTpy h hoaobhhkh pa3ABHraiOT 
CHMMerpHHHO b nAocKocTH AHH3M no nepneHAHKynapy K AHHHH pa3pe3a 
Ha paCCTOAHHe / = 1 CM. HaHAHTe paCCTOAHHe S MOKAy H3o6pa>KeHH5IMH 
TOHeHHOrO HCTOHHHKa. 


i • a 

(Omeem: S = = 6 cm.) 

d - F 


4. H3o6paAceHHe MHAAHMeTpOBoro acachha uiKaAbi, pacnoAOAceHHOH 
nepeA AHH30H Ha paccroaHHH d = 12,5 cm, HMeer Ha 3KpaHe AAHHy H- 2,4 cm. 
OnpeAeAHTe <}>OKycHoe paccTOAHHe F ahh 3 bi. 


(Omeem: 



= 0,12 M,3Aecb 


h = 


1 MM.) 


5. Ha KaxoM paccTOHHHH L HaxoAATca npeAMeT h ero H3o6panceHHe, 
co3AaeaeMoe ahh 3 oh c (|>oKycHbiM paccTOAHneM F = 0,6 m, ecAH achct- 
BHTeAbHoe H3o6paaceHHe b r= 3 pa3a 6oAbme npeAMeTa? 




YpoK 70. Peiuenue sadaw 


209 


(i Omeem : L = 



F = 3,2 m.) 


6. PaccTOflHHe ot npe/iMeTa ao 3KpaHa 1 = 3 m. Kaicon onTHHecKOH 
chjiu D cneziyeT b3*iti> JiHmy h Ha KaKOM paccToaHHH d ot npe^Mexa ee 
noMecTHTt, hto6u nonyHHTB H3o6patfceHHe npeAMeTa, yBenHHeHHoe b 
r= 5 pa3? 


(Omeem: D 



— = 2,4 amp, d =—— = 0,5 m.) 

1 I 1 


7. JlHH3a c (^OKycHtiM paccToaHHeM F= 3 cm C03^aeT nepeBepHyroe 
H3o6pa»eHHe npeAMeTa. PaccToaHHe ot npeAMeTa ao jihh3U h ot jihh3Bi 
ao H3o6paaceHira OTjiHHaeTcs Ha a - 8 cm, C kbkhm yBenHneHHeM r H30- 
6pa»caeTc« npe^MeT? 


0 Omeem : T, = 1 + 


3 , ecnH paccToaHHe d ot npeA- 


F-- + JF 2 +— 


MeTa ao JIHH3W MeHtuie paccTOAHna / ot jihh3bi jjo H3o6paHceHHfl; 
I\ = — = — , ecjiH d > A,) 

r, 3 

8. JlHH 3 a co3^aeT Ha oicpaHe H3o6pa>KeHHe npeAMeTa c yBejiHHeHHeM 
r = 4. Ecjih npe^Mer OTOABHHyTB Ha / - 5 cm ot jihh3bi, to yBenHHeHHe 
yMeHBHiHTca b n = 2 pa3a. HaHAHTe <J)OKycHoe paccToaHne F ahh 3 BI. 

r 

{Omeem: F = 1 = 0,2 cm.) 

n-\ 


9. JlHH3a c (JjOKycHbiM paccTO^HneM Fj = 12 cm co3AaeT achctbh- 
TentHoe H3o6pa^ceHHe npeAMexa c yBeAHnemieM /"; = 9. BTOpaa JiHH3a 
npH tom yKC paccTo^HHH Me>KAy npeAMeTOM h jihh30h co3AaeT achctbh- 
TenBHoe H3o6pa>KeHHe c yBeJiHneHHeM I"? = 3. HaiiAHTe ^OKycnoe pac- 

CT05IHHC F 2 BTOpOH JIHH3BJ. 

{Omeem: F = ^ =7,5 cm.) 

1 + - 

r 

10. XIpeAMCT h ero AencTBHTeJiBHoe H3o6pasceHHe, nojiyneHHoe c 
noMomBK) HHH3BI, HaxoAHTCfl Ha paccTO5iHHH L - 1 80 mm Apyr ot Apyra. 
OoKycHoe paccTo^HHe ahh3bi F = 25 cm. OnpeAenHTe paccTOHHHe / ot 
H 306pa>KeHHfl AO JIHH3BI. 


{Omeem: f x 2 = — 1 ± Jl - 4— ; f\ = 1 ,5 m, f 2 = 0,3 m.) 


IV. rioABCACimc HToroB ypoKa 
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^OMaiiKHee 3a#aHHe 

n. 64 


YpoK 71, PeuieHHe 3a^an 
no TeMe «PacceHBaH>mafl jiHH3a» 

Lfejib: HayHHTt no:ib30BaTbCfl TeopeTHHecKHMH 3Hami«MH Ha rrpaK- 
THKe. 


Xoa ypoKa 

L OpraHH3ai|H0HHbiH momcht 

II. Bonpocbi ajisi itOBTOpeHHSi 

- Cbohctbo BorHyroH jthh3ll (Pacceueamb napcuuienbHhie nynu , npo- 
xodmifue nepes numy.) 

- riocTpoHTe xoa jiynefi b paccenBaiomeH jiHH3e. 

- Hae nojiyHHTca H3o6pa)KeHHe nocjie npejiOMjieHHfl jiynen b abohko- 
BOrHyTOH JTHH3e, ecnH npe^Mer HaxoAHTca Me^y <J>oKycoM h jihh- 
30 H? (Meotcdy npedMemoM u jiuh3qu, ecnu CMompemb co cmoponu 
npedMema na Jiuusy) 

~ llapajijiejTbHbie Jiynn na^aioT Ha BorHyryio noBepxHOCTb jiHH3bi h . . . 
(npejiOMjiRHCb cmaHoenmcH pcicxodmyuMucH .) 

- C noMombio jihh3u Ha 3KpaHe nonyHHjiH H3o6paaceHHe npe^MeTa. 
l Ito npoH30H^eT c 3 thm H3o6pa>KeHHeM, ecnH 2/3 jihh 3M 3axpbiTb 
Henp03paHH0H uiHpMou? ( YMenbiaumcA HpKocmb u3o6paoiceHUH ; 
MOOicem yeeJimumbCH eny6uua pe3KOcmu .) 

III. PeuieHHe 3 a£aH 

1. PfooOpaaceHHe npe^MCTa, noMemeHHoro nepea jihh30h Ha pac- 
ctoshhh d - 50 cm, MHHMoe h yMeHbiHCHHoe b n = 3 pa3a. OnpeAejiHTe 
(J)OKycHoe paccToaHHe F JiHH3bi. 

( Omeem : F = — = -25 cm.) 

1 -m 

2. OoxycHoe paccTosHHe jihh3bi F — -20 cm. IIpe^MeT y/jajieH ot 
JIHH3U Ha paccTOAHHe d = 10 cm. Onpe,aejiHTe paccTOHHHe / ot H3o6pa- 

yKCUm £0 JIHH3LI. 

d¥ 

(Omeem: f = ~ -6,7 cm.) 

d + F 

3. JlHH3a co3^aeT npaMoe H3o6pa>KeHHe npe^MeTa c yBejiHHeHHeM 
r= 0,25. ripe am eT pacnojioaceH Ha paccTOHHHH d = 40 cm ot jihh3m. On- 
peAejiHTe onTHnecxyio CHJiy D jiHH3bi. 
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(Omeem: D = 

T-d 


= -7,5 Amp.) 


4. ToHeHHblM HCTOHHHK CBCT21 HaxOAHTCH Ha paCCTOKHHH d — 8 CM OT 
pacceHBaiomeH jihh3U h Ha paccrojiHHH h - 6 cm ot ee rJiaBHOH omrfqe- 
ckoh och. OoicycHoe paccToaHwe jiHH3bi F-- 8 cm. HaftAHTe paccTOgHHe 
/ OT HCTOHHHK3 AO H3o6pa*eHH5L 


(Omeem: S = 


dVft 2 +d 2 

|F| + d 


= 5 CM.) 


5. TOHeHHblH HCTOHHHK CBCTa HaxOAHTCa Ha paCCTOflHHH d — 3 CM OT 
pacceHBaiomeH jihh3W h Ha paccroHHHH h = 1 cm ot ee rnaBHOH onTHHe- 
ckoh och. <DoicycHoe paccrojiHHe jihh3u F = - 9 cm. HawAHTe paccToa- 
HHe / OT H 3 o 6 pa^ceHHfl AO JIHH3U H paCCTOHHHe H OT H 3 o 6 paaCeHH» AO 
rjiaBHOH OIITHHeCKOH OCH. 

(Omeem: f =- ^ =-2,25 cm; H = /i— = 0,75 cm.) 
d-F d 

6 . npeAMCT HaxoAHTca Ha pacCToa hhh d = 10 cm ot coOnpaiomeH 
JIHH3M C 4>OKyCHfeIM paCCTOJIHHeM F - 20 CM. Bo CKOJIbKO pa3 H3MCHHTC5I 
pa3Mep moOpaaccHHa, ecjiH Ha Mecro co 6 npaK>meH jimrjbi hoct3bhti> 
pacceHBaiomyio JiHH3y c reM ace no BejiHHHHe 4>oicycHbiM paccroKHHeM? 


^ H 2 

(Omeem: — — 

H \ 


F-d 
F + d 



7. Jlyn cBCTa naAaeT Ha noBepxHocTb CTemwHHoro uiapa napamiejib- 
ho HeKOTOpofi npaMOH 00], npoxoAameH nepe3 peHTp uiapa. Yroji naAe- 
HHii Jiyna Ha noBepxHocTb mapa a = arcsin (24/25). ripejioMJieHHbiH jjyq 
npoxoAHT nepe3 TOHicy nepeceHemw npAMoif 00, c noBepxHOcrbio mapa. 
HaHAHTe rioKa3aTeAb npejiOMjieHHH n cTeioia. 


(Omeem: n = 2 cos— ~ 1,6 .) 

8. Ha TOHKOCTCHHyio npo3paHHyio aJicpHnecxyio KOJi6y, HanojiHeHHyto 
acHAKOCTbio, naAaer y3KHH uHAHHApHneciaiH nynoK CBera Tax, hto ocb nyn- 
Ka npoxoAHT nepe3 Hemp koa6m. B mchakocth AHaMerp nywKa mohotohho 
yObiBacr b A»a pa3a. HaHAHTe noKa3arenb npejioMjieHHJi n hchakocth. 

(Omeem: /i = ^ .) 

IV. IIoABeAeHHe HToroB ypoica 
^OMauiHee 3a/iauHC 

n. 64, 65. 
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ypoK 72. JIa6opaTopHan pa6oTa 
no Teivte «Onpe^ejieHHe <J)OKycHoro paccTOHHHH jihh 3 m 

3 adamie : onpeAeAeHHe (JjoKycHoro paccxoflHHB h onxHHecicoH chjim 
co6npaiomeH jihh 3 li. 

OdopydoeaHue : komiuickt jiaSopaTopHMH no onxHKe, JiHHeHKa. 


Xoa ypoKa 


CoaepwaHHe h mctoa BbinojiHeHHH pafiorbi 

riojiyqHB c noMomfcK) jihh3M AeHcxBHxeAbHoe H3o6paaceHHe cBexa- 
meroc» npeAMexa Ha 3KpaHe h H3MepHB paccxoaHne / ot jihh3li ao 06b- 
eKTHBa h paccTOBHne d ' ao H3o6pa>KeHHJi, mo)KHo BtWHCJiHTb 4>oicycHoe 
paccTOiiHHe no (J>opMyjie jihh3m: 

1 1 1 

- = - + OTKy^a 
] d d 


d-d' m 
d + d'* 



tlopaaoK BbinojmeHHsi pa6orbi 

1 . onpeAejieHHB (()OKycHoro paccTOBHH* co6npaioiueH jihh 3 m yc- 
TaHOBHxe Ha cTOJie hctohhhk CBexa H3 naSopaxopHoro KOMnjieKxa no 
onxnKe, BexaBbxe b okho npnSopa ah ano3nxnBHy 10 paMny c oxBepcxHeM 
b BH,ne cxpenKH. n P H BKjnoneHHH HcxoMHHka CBexa b cexb nepeMeHHoro 
xoxa c HanpjoKeHneM 42 B cxpejiKa b oKHe npnSopa AOJDKHa cBexnxbca. 

2. JlocxaBbxe nepeA okhom ncxoHHHKa CBexa jiHH3y l , 3a jihh3oh 
6ejibifi 3KpaH. riepeMemaH jiHH3y h 3KpaH, HanAHxe xanoe nx nonoaceHne 
oxHocHxenbHo oKHa b HcxoHHHKe CBexa, npn KoxopoM Ha*3KpaHe nojiy- 
Haexcfl nexKoe H3o6pa»eHHe cxpejiKH. 

3. H3Mepbxe paccxoaHHe ox OKHa npn6opa ao AHH3bi h ox AHH3bi ao 
3KpaHa. BbiHHCJinxe 4>OKycHoe paccxoaHHe JiHH3bi. 

4. H3MeHHxe paccxoflHHe ox AHH3bi ao HcxoHHHKa CBexa. riepeABH- 
>KeHHeM 3KpaHa bhobb AoSefixecb nojiynerora pe3Koro H3o6pa>KeHHJi 
CXpeJIKH Ha 3KpaHe. H3MepbXe paCCXOHHHfl OX AHH3bI ao 3KpaHa h ox 
AHH3bI AO HCXOHHHKa CBexa, BbIHHCAHXe C^OKyCHOe paCCXOJIHHe AHH3bI. 

5. FIoBepHHxe AHH3y k oKHy h nonyHHxe Ha 3KpaHe H3o6pa>KeHHe Aa- 
JieKHx npeAMexoB 3a okhom. H3Mepbxe paccxoBHne ox ahh 3 bi ao 3KpaHa 
h cpaBHHxe ero c nojiyneHHbiMH paHee 3HaneHHaMH (j>OKycHoro paccxoa- 
HHJI AHH3bI. 

6. On,eHnxe rpaHHUbi norpeuiHOCXH b onpeAeJieHHH (JjoKycHoro pac- 
CXOaHHH JlHH3bl H CAeAaHXC BbIBOA O XOM, COHiaCyiOXCfl JIH Me>KAy co 6 oh 
pe3yjibxaxbr xpex onbrroB no onpeAeAeHHio c^OKycHoro paccxoaHna jihh 3 bi. 

1. BbiHHCJiHxe onxHHecKyio cmiy AHH3bi. 
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JJonoiiHumejibHoe sadanue 

Onpe^enHTe <J)OKycHoe paccTOJiHHe coOwpaiomeH jihh3li Ns 2 h (Jdo- 
KycHoe paccToaHHe oitthhcckoh cncreMU H3 ^Byx jihh3 N 2 1 h N° 2, co- 
e^HHeHHbix BMecje. CnejiaiiTe bubo/i 06 onTHMecKofi cnjie chctcmbi, 
nojiyHeHHofi coe^HHeHHeM tohkhx jihh3. 


YpoK 73 . Tjia 3 . Jlyna 

Lfeiib: paccMOTpeTt cTpoeHHe rjia3a h npH6opw ero BOOpyacaiomHe. 

Xoa ypoka 

L OpraHH3ai|H0HHblH momcht 

II. Peuiemie 3KcnepuMeHTajibHOH 3aaanH 

3adanue: onpeflejiHTb noKa3aTeub npenoMjieHHB. 

06opydoeaHue : BHyrpeHHHH cocya KauopHMeTpa, 6aHKa c boaoh, 
3KpaH H3 HeSojibinoro jmcra (Jjariepw, iiiTaTHB, jiHHeiiKa MHjijiHMeTpoBaa, 
OTpe30K MHJIJIHMCTpOBOH UIKaJIbl OT JIHHCHKH .ZUIHHOH OKOJIO 40 MM C 
3aOCTpeHHUM KOHUOM. 

PeKOMetidanuu: YcTaHOBKy (cm. pHC. 72) coSnpaioT Taic, hto6i>i 3a 
KpaeM 3KpaHa bh^ctb tojibko HyjieBoe AejieHHe oxpe3ica uiKajibi, Haxo- 
A«meHC5i Ha rhq KajiopHMeTpuMecicoro cTaKaHa. 3 to cooTBeTCTByeT xoay 
jiyna npw oTcyTCTBHH bo^bi b craKaHe. Ilocjie Toro kslk HajibiOT Boay ro 
KpaH cocyaa, bh^ho jjeneHHe uiKanbi. 



me d - £naMeTp anioMHHHeBoro cTaicaHHHKa. 
d - 1 

sin a = — ===== 

<Jh 2 -+* (d — l) 2 


, Tor^a QKOHHaTeJibHO HMeeM: 
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_^A'+( d- 1) 2 
yjd r +k*( d- 1 ) 

III. M3yneHHe hobofo MarepHajia 

Tjia3 - 3TO 90 % HH^OpMailHH. 

Tjia3 COCTOHT H3 CKJICpU (3amHTHaJI oGOJIOHKa H3 3JiaCTHMHOH TKaHH); 

poroBHuu, icaMepu (nojiocrt, 3anojiHeHHan npo3paMHOH xcHAKocTbio), 
COCy^HCTOH 06 OJIOHKH, paj 1 >DKHOH 06 OJIOHKH, OTBepCTHH (3paHOK ^HaMeT- 
poM or 2 jxo 8 mm), xpycrraJiHKa (n = 1 ,44), muiiiu, himchskmuhx orrrHHe- 
ckhc cBOHCTBa nia3a, npo3paHHOH cryaeHHCTOH Maccu (nia3Hoe aho), 
ceTHaTKH (7 mjih KOJiConeK, 130 mjih najioneK, Koropue pearnpyioT Ha 
CBCT pa3HOH HaCTOTbl HeO^HHaKOBO), pa3B£TBJieHHH 3pHTeJILHOrO tiepBa. 

OcHoeubte ceoucmeo znasa 

AKKOModayuH - cbohctbo ma3a, oOecnenHBajomee nexHoe BoenpH- 
«THe pa3HO y < oajienHUx upcAMeroB. HsMemrerrcji rjiaBHbiH (J)oicyc rjia3a 
or 16 ao 13 mm. OmuMecKaa CHJia rjia3a ot 60 Amp ao 75 Ainp. Tlpe- 
AenbHbiH yroa ipeHHH <p Q = T . C npH6jiK»ceHHeM npeAMera yBejiHHHBa- 

erca yroa 3peHJw q> 0 , noA kotopum mm bhahm A»e 6 jih 3 khc tohkh npeA- 
Mera. 



Adanmaifux - npHcnoco6jieHHOCTb k paajiHHHUM ycJioBHXM ocBe- 
meHHOCTHl dap OT 2 MM AO 8 MM, Sjp H3MeH»eTCJI B 16 pa3. 

none 3peHH5i. no och OX 150°, no och 0Y - ao 760 mm. CaMaa 
GoJibniaa qyBCTBHTejibHOCTb X = 555 hm (^ejiemjH hbct). 

Ocmpoma 3pemiH - cbohctbo rjia3a pa3AenbH0 pa3JiHHan» abc 6jih3- 
KHe TOHKH. 

PaccTOHHHe Hanjiynmero 3penH« do = 250 mm. /JajibHHe npeAMeTbi 
rjia3 bhaht 6e3 HanpsxccuHa. 

Hedocmamtcu 2/1030 

Tjia 3 He Moxcer co 3 Aarb pe 3 Koe HToOpaacenne Ha ceTHance. 
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Jlyna 

YBejiHHHTb yron 3peHn« mohcho Hcnojn>3ya jiyny. 

MmcpocKon: 

r Kgil o g 2 

|M| 05, ' 

TaK KaK 0 B 2 = d 0 , a 05, a F , to T = — . 

F 

^onojiHHxejibHbiH MaTepuaji 

AKKOMO^auHA npowcxoAHT HenpoH3BOJitHO. Kax TOjibKo rna3 nepeBo^HTca c 
o^Horo npe^MeTa Ha Apyrofi, HapyuiaeTca pe3KOCTb H3o6pa)KeHHJi, o neM b M03r 
npHxoAHT cnrHaji. 06paTHbiH carHaji H3 M03ra k UHJiHapHOH Mbiuiue Bbi3biBaeT 
ee coKpameHHe hjih pacTJOKeHHe ao Tex nop, noKa He nojiyHHTCfl pe3Koe H30- 
6pa)KeHHe. Tonxa, KOTopyio niaa bhaht npw pacc/ia6jieHHOH uHJiHapHOH Mhiuiue, 
Ha3biBaercji AanbHeH tohkoh, bhahmoh npH MaxcHMajibHOM HanpJDKeHHH 6 jih>k- 
HeH TOHKOH. 

npH 6jlH30pyK0CTH AaJIbHflfl TOHKa Jie)KHT Ha KOHeHHOM paCCTOJIHHH. HHOTAa 
npH CHjibHOH 6nH3opyKOCTH - oneHb 6 jth3ko ot rjra3a. HooTOMy 6jiH30pyKHe 
bha«t Jiynine npn6jiH3HB npe^MeTbi. Koppexunji 6jiH30pyKocTH npOH3BOAHTCH c 
nOMOUZblO OHKOB C BOPHyTblMH JIHH3aMH. 

,HanbH03opKOCTb npHBO^HT k yaaneHHio 6jiH>KHeH tohkh ot r;ia3a. ^anbHO- 
30pftocTt oSbiHHO B03HHKaeT b cTapHecKOM B03pacTe> Kor^a xpycxajiHK Tepfler 
ynpyrocTb. Jlpx KoppeKUHH npHMeHJiFOTCfl ohkh c BbinyKjibiMH jiHH3aMH. 

no^6op ohkob: 

= + Dni ’ ^oh = ^ox.rji D Pjl 5 

= _L_ \_ l__± 

<* o + f d rn /’ 

r,ae / - rnySHHa nna3a; 

d rjl - paccTOffHHe, Ha KOTopoe bhaht nna3 6e3 ohkob; 

do = 25 cm - paccTOHHHe HaHjiynuiero 3peHH» r/ia3a. 



BjiH3opyKocTb h ^anbH030pKocTb MoryT 6bitb HcnpaBneHbi c noMombK) xh- 
pyprHH no H3MeHeHHFO <J>opMbi poroBHUbi hjih xpycTannKa. 

r.iaa ksk onTHHecKaa cwcTeMa 

OpraHOM 3peHHa nejiOBeKa hbhhfotch nia3a, KOTopue bo MHornx oTHomeHH- 
jrx npe^CTaBJunoT co6oh BecbMa coBepnienHyio onTHHecxyio cHCTeMy. 

B uejiOM rjia3 nejiOBeKa (cm. pnc. 74) - oto inapoo6pa3Hoe Tejio AnaMeTpOM 
okojio 2,5 cm, KOTopoe Ha3biBaK>T rjia3HbiM h6jiokom. Henp03panHyK) h npOHHyio 
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BHeuiHFOK) o 6 onoMKy rjia3a Ha3biBaiOT CKJiepofl, a ee npo3paHHyio h 6 onee bm- 
nyicnyK) nepe^HioK) nacTb - poroBHuefi. C BHyTpeHHeH ctopohw cxjiepa noKpbiTa 
COCy^HCTOH 06 OJIOHKOH, COCTOam^H H3 KpOBeHOCHbIX COCyflOB, nHTaiOmHX rjia3. 
IlpoTHB poroBHUbi cocy^HCTaa o 6 oJiOHxa nepexo^HT b paayxcHyio o 6 ojioHxy, 
Heo^HHaKOBO oKpaujeHHyio y pa3JiHHHbix nioueH, xoTopaa OT^ejieHa ot poroBH- 
Ubi KaMepOH c npo3paHHOH boaxhhctoh Maccofi. B pajjyacHOH o 6 ojiOHxe MMeeTca 
Kpyrjioe OTBepcTHe, Ha3biBaeMoe 3panxoM, uwaMerp KOToporo moxcct H3MeHaTb- 
ca. TaKHM o6pa30M, paayxcHaa o 6 ojiOHxa HrpaeT poJib AHaijjparMbi, peryjiHpyto- 
men aocTyri cBeTa b rjia3. I7pH apxoM ocBemeHMH 3panoK yMeHbiuaeTca, a npw 
cJiaSoM ocBemeHHH - yBejiHHHBaeTca. BHyTpH nna3Horo a 6 jioKa 3a pa^yxcHOH 
o 6 ojiohkoh pacnojioxceH xpycTajiHK, xoTopufi npe^CTaBjiaeT co 6 oh ^BoaxoBbi- 
nyKiiyio JiHH3y H3 npo3panHOro BemecTBa c noxa3aTeJieM npeJioMneHHa okojio 
1,4. XpycTajiHK oxaiiMjiaeT KOjibueBaa Mbiuiua, KOTOpaa motkct H 3 MeHaTb KpH- 
BH3Hy ero noBepxHOCTefi, a 3HBHHT, h ero onTHHecxyio CHJiy. 



Puc. 74. CmpoeHue nejioeenecKozo znaia 

Cocy^HCTaa o6onoHKa c BHyTpeHHeH ctopohu rjia3a noKpbiTa pa3BeTBjie- 
HHaMH CBeTOHyBCTBHTejibHoro HepBa, oco6chho ryCTUMH HanpoTHB 3panKa. 3th 
pa3BeTBJieHH« o6pa3yK)T cernaTyio o6ojioHxy, Ha xoTopofi nonynaeTca aeHCTBH- 
TejibHoe H3o6pa>KeHHe npe^MeTOB, C03;jaBaeM0e orrrHHecxoH CHCTeMofi nia3a. 
npocTpaHCTBo Mew^y ceTHarxoH h xpycTanHKOM 3anojiHeHo npo3panHbiM cTex- 
jiOBH^HbiM TeJiOM, HMejoujHM cry^eH HCToe cTpoeHHe. H3o6paxceHHe npeAMeTOB 
Ha ceTHaTKe rna3a nojiynaerca nepeBepHyToe. OflHaKo .ueaTejibHocTb M03ra, no- 
jiynaiomero CHraanbi ot CBeTOHyBCTBHTejibHoro HepBa, no3BOJiaeT HaM BH^eTb 
Bee npe^MeTbi b HarypaFibHbix nojioxceHHax. 

Kor^a KOjibueBaa Mbirnua rjia3a paccna6jieHa, to H3o6pax<eHHe .aajiexHx 
npeAMeTOB nojiynaeTca Ha ceTHaTKe. Boo6me ycTpowcTBo rjia3a TaxoBO, hto 
H ejiOBeK MoxceT BHueTb 6e3 HanpaxceHHa npeuMeTbi, pacnojio>xeHHbie He 6jiH>xe 6 
MeTpoB ot rjia3a. H3o6pa>xeHHe 6ojiee 6 jih3khx npeuMeTOB b otom cjiynae nony- 
naeTca 3a ceTHaTKOH rjia3a. /Jjia nojiyneHHa OTHeTJiHBoro H3o6paxceHHa Taxoro 
npe^MeTa xonbueBaa Mbirnua oxHMaeT xpycTajiHK Bee CHJibHee ,uo Tex nop, noxa 
H3o6pa3xeHHe npe^MeTa He oxaaceTca Ha ceTHaTKe, a 3aTeM yuepacHBaeT xpycTa- 
JIHK B CXCaTOM COCTOaHHH. 
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TaKHM o6pa30M, «HaBOA»ca Ha <[)oxyc» rjia3a neAOBexa ocymecTBJuieTca H3- 
MeHeHHeM onTHHecxofi cham xpycTajiHKa c noMombio kojibucboh mbiuiubi. Cno- 
C 06 H 0 CTB OHTHHeCKOH CHCTeMbI ma3a C03^aBaTI> OTHeTJIHBWe H3o6pa>KeHHJ! 
npeflMeTOB, HaxoAJnunx Ha pa3AHHHbix paccTOflHHax ot Hero, Ha3biBaiOT axxoMo- 
AauneH (ot JiaTHH. «accommodatio» - npHcnoco6neHne). ripn paccMaTpHBaHHH 
oneHb ^ajieKHx npeAMCTOB b rjia3 nona^aioT napajuiejibHbie Jiynw. B 3tom CJiynae 
roBopsT, hto ma3 axxoMOAHpoBaH Ha 6ecxoHeHHocTb. 

AxxoMOAanHfl ma3a He 6ecxoHenHa. C noMombio xonbqeBOH Mbiiuubi onTH- 
necxa* cnjia ma3a woaceT yBenHHHBaTbca He 6ojibme neM Ha 12 AnonTpHH. npH 
AOatom paccMaTpHBaHHH 6jih3khx npe^MeTOB rjia3 ycTaeT, a xonbneBafl Mbirnua 
HaHHHaeT paccjia6jiHTbCfl h H3o6paaceHHe npeAMeTa pacnjibiBaeTca. - 

Tjia3a neJiOBeKa no3BonjnoT xopoino BHAeTb npe^MeTbi He Tonbxo npn ahcb- 
hom ocBemeHHH. Cnoco6HocTb rjia3a npHcnoca6jTKBaTbca k pa3JiHHHOH creneHH 
pa3Apa)KeHHJ! oxoHHaHHH cBeTOHyBCTBHTeubHoro HepBa Ha cernaTxe rna3a, t. e. k 
pa3JiHHHOH CTeneHH apKOCTH Ha6nK>AaeMbix o6i>eKTOB, Ha3bmaiOT aaanTaijHeH, 
CBe^eHHe 3pirrejibHbix ocefi rjia3 Ha onpe^ejieHHOH Tonxe Ha3biBaeTca koh- 
BepreHUHeH. KorAa npeAMerbi pacnonoxceHbi Ha 3HanHTejibHOM paccTOflHHH ot 
HejiOBexa, to npH nepeBo^e B3rnflAa c oahoto npeAMeTa Ha Apyron mokay ochmh 
rjia3 npafcTH4ecKH He H3MeH5ieTCH, h nenoBex TepneT cnoco6HocTb npasHAbHo 
onpeAenflTb nojioxceHHe npeAMeTa, KorAa npeAMeTbi HaxoAflTca oneHb a aAexo, 
to och rjia3 pacnojiaraioTCfl napannenbHO, h nenoBex He MoaceT Aaace onpeAe- 
JlHTb ABHXCeTCH HJIH HCT TOT npeAMeT, Ha KOTOpblH OH CMOTpHT. HexoTOpyio pojlb 
b onpeACAeHHH nonoxceHHH Teji nrpaer h ycHJine xonbueBOH Mbiumu, KOTopaa 
c^KHMaeT xpycTannx npn paccMaTpHBaHHH npeAMeTOB, pacnonoaceHHbix HeAane- 
ko ot nejioBeKa. 


OnTHHecKHH H3MepHTejibHbifi npn6op 

OnTHHeCKHH H3MepHTeJlbHbIH npw6op - CpeACTBO H3MepeHHJI, B KOTOpOM BH- 
3HpOBaHHe (coBMemeHHe rpaHHq KOHTponHpyeworo npeAMera c bh3hphoh jihhm- 
eif, nepexpecTHeM h t. n.) hah onpeAeAeHHe pa3Mepa ocymecTBnaeTCfl c iiomo- 
mbio ycTpottcTBa c onTHnecxHM npHHUHnoM ACHCTBHfl. Pa3AHHaioT rpn rpynnu 
onTHHecxHX H 3 MepHTeAbHbix npn6opoB: npH6opbi c onTunecxHM npHHijHnoM 
BH3HpoBaHH« h MexaHHnecxHM cnoco6oM OTHeTa nepeMemeHHii; npH6opbi c 
onTHHecxHM cnoco6oM BH3HpOBaHHB h OTHeTa nepeMemeHH*; npn6opbi, HMeio- 
LUHe MexaHHHeCXHH KOHTaKT C H3MepHTeAbHbIM npH60p0M, C onTHHecxHM cno- 
co6om onpeAeAeHHe nepeMemeHHji Tonex xoHTaxTa. 

H3 npH6opoB nepsoH rpynnbi pacnpocTpaHeHHe nonynHAH npoexTOpbi aah 
H 3MepeHHH H XOHTpOAX AeTaACH, HMdOtAHX CAOttCHblH XOHiyp, He60AbMHe pa3- 
Mepbi. 

Han6oAee pacnpocTpaHeHHbin npn6op BTOpon rpynnbi - yHHBepcanbHbiH 
H3MepHTeAbHbiH MHKpocxon, b xoTopoM H3MepjieMaA AeTaAb nepeMemaeTC« Ha 
npOAOAbHOH xaperxe, a toaobhoh MHxpocxon - Ha nonepenHOH. 

npn6opbi TpeTbew rpynnbi npHMeHinoT aah cpaBHeHHB H3MepaeMbix ahhch- 
HblX BeAHHHH C MepKaMH HAH UIKaAaMH. Hx o6T>eAHHJHOT o6bIHHO nOA o6mHM 
Ha3BaHHCM KOMnaparopbi. K 3Toh rpynne npnGopoB othocbtcji onTHMeTp (onTH- 
KaTOp, H3MepHTeAbHa« MaiUHHa, KOHTaKTHblH HHTep(J)epOMeTp, OnTHHecKHH 
AaAbHOMep h Ap.)* 
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OnTHHecKwe H3MepHTenbHbie npw6opbi Taioxe uinpoxo pacnpocTpaHeHbi b 
reoae3HH (HHBenHp, TeoaojiHT h ap*)- 

Teoaonirr - reoAe3HMecKHfi HHiTpyMeHT aJifl onpeaejieHHn HanpaBjieHHH h 
H3MepeHHJi ropH30HTanbHbix h BepTHKajibHbix yrJiOB npn reo.ae3HHecKHx pa6o- 
Tax, Tonorpa4)HHeCKOH h MapxmeHaepcxHx cbeMxax, b CTpoHxejibCTBe h t. n. 

HuBejiHp - reone3HHecKHH HHCTpyMeHT H3wepeHHa npeBbimeHHH Tonex 
3eMHoff noBepxHOCTH - HHBejiHpoBaHHH, a Taxxce ana 3aaaHH» ropH30HTaJibHbix 
HanpaBjieHHH npH MOHTaacHbix h t. n. pa6oTax. 

B HaBHrauHH uinpoKO pacnpocxpaHeH cexcTaHT - yrjioMepHbiw 3epxanbHO- 
OTpaacaTeJlbHblH HHCTpyMeHT JU\H H3MepeHH» BbICOT He6eCHbIX CBeTHJT Haa ropn- 
30HTOM HJIH yrjlOB MeiK^y npeAMeTBMH C UeJlblO Onpe^eJieHHfl KOOpflH- 

HaT MecTa Ha6jnoaaTejia. BaacHeHmaa oco6eHHocTb cexcTaHTa - B03M0>KHocTb 
coBMemeHHH b nojie 3peHH» Ha6nioAaTejia OAHOBpeMeHHo asyx npeaMeTOB, Meacay 
KOTopbiMH H3Mep«eTCH yroji, hto no3BOJiHeT nojib30BaTbc« cexcTaHTOM Ha caMOJie- 
Te h Ha xopa6jie 6e3 3aMeTHoro chhxcchhji tohhocth aaace bo BpeMji xanxn. 

nepcnexTHBHbtM HanpaBJieHHeM b pa3pa6oTxe hobmx thiiob onTHHecxHx H3- 
MepHTejibHbix npH6opoB aBjiaeTca ocHaiueHHe hx ajiexTpOHHHMH oTCHHTbiBaio- 
LUHMH yCTpOHCTBaMH, n03B0J1JH0mHMH ynpOCTHTb OTCHCT nOKa3aHHH H BH3HpO- 
BBHHH, H T. n. 


IlpoGjieMM xopouiero 3peHHsi 

IlpeACTaBbTe ce6e, hto bm ctohtc Ha yrjiy oxchbjichhoh yjrnue xaxoro- 
HH6y^b aMepHxaHCxoro ropoaa h hto Bapyr Bee HeaocTaTXH 3peHH* npeBpama- 
K)TCJi b He^ocTaTXH hot; Toraa 6ojiee 50 % nemexoaoB HanHyr xpoMaib hjih 
6yayT Hecnoco6Hbi xoahtl 6e3 xocTbuien, hjih BbiHywaeHbi 6yayT npHOernyTb x 
xojurcxaM. Ecjth bmccto ynnubi B3jrrb craanoH xojuiea^a, to hhcjio nocxpaaaB- 
iii hx 6yaeT cocTaBjiBTb oxojio 40 %, a Ha nepnaTon hoh 4>a6pnxe nocTpaaaBiUHMH 
oxaxcyTca 8 nenoBex H3 10. CoBpeMeHHaji uHBHjiH3auH« o6nerHHJia 3HanHTejib- 
Hyio nacTb Harnero xa^xaoaHeBHoro Tpyaa h ocBo6oaHJia Hac ot mhothx hch3- 
HeHHbix 3a6oT, ho bo MHoro pa3 yBejiHHHJia Harpy3xy Ha nna3a. 

WccjienoBaHHfl noxa3biBaK)T, hto Gojiee 95 % MjiaaenueB powaaexcfl c Hop- 
MaJibHbiM 3peHneM h 6e3 ae^exroB rjia3. Ho, xax bhaho H3 Ta6jiHUbi 1, oneHb 
ManbiH npoueHT hx aocTHraeT nowHjioro B03pacxa co 3peHHCM, xoxopoe mowho 
6hjio 6bi b KaxoH-HHOy^b Mepe cHHTaTb HopManbHbiM. Ha 3peHHe JHoaeH B03Jia- 
raeTCfl TJrxceJian Harpy3xa. B pe3yjibTaTe 3Toro AMepnxa 6bicTpo npeBpamaeTca b 
CTpaHy «OHxapHKOB>>. HecooTBeTCTBHe HejioBeHecxoro 3peHHfl a uenoM - oahh 
H3 CaMbIX Cepbe3HblX AetjjeKTOB COBpeMeHHOH l^HBHJIH3aiIHH. 

Hacxb neperpy3XH ma3 oO-bacHaeTCfl TeM, hto HejioBex nojib3yeTca rjia3aMH 
npH ycjroBHflx coBepmeHHO hhwx, hcm Te, npn xoTopbix rjia3 nepBOHanaJibHO 
pa3BHBaj7C« h ana xoTopbix oh npHcnocaOnHBanca. riepBo6biTHbiH nenoBex nonb- 
30Banca cbohmh rna3aMH aJia Toro, hto6m CMOTpeTb Baanb npn apxoM cojihch- 
hom CBeTe - aJi« oxotw, pm6hoh jiobjih h an« cpaaceHHH. Koraa cojiHue 3axoaw- 
jio, o6«3aHHOCTH rjia3 xoHHanwcb. KoHeHHo, nepBo6biTHbiH nenoBex He pa6oTan 
uejibm aeHb c npeaMeTaMH, pacnojioaceHHMMH b6jih 3H rna3, h He xoaHJi noTOM b 
naHopaMHoe xhho, He cMOTpen TeJieBH3HOHHbie nepeaaHH b TeneHHe HecxoJibxnx 
nacoB h He HHTaJi xHHry aanexo 3 a nonHOHb. 
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riocKOJibKy MHOrne HenocrarrKH maaa, no-BHAHMOMy, ccmaioTca HarpyjKOH 
Ha hhx h ycjiOBHKMH, npH KOTOpux niaia BurrojiHJnoT pafxrry, iio/ioaxhhc mo- 
xcer 6uTb 3HaHHrejibHO yjryHUieHo. OAHaKo yro xpe6yer nays ho ro noaxo/ia co 
cropoHU paanHHHbix rpynn jiioach h Kaacaoro McuioBcica b orAejibHocTH. Mu, co 
cBoefi cropoHU, aojukhu y3HaTb, xax ycrpoeH rjia3, KaxoBu ero (JjyHKijHH, xaxHe 
SuBator Ae<t>eKTbi h kbkhc pafioMHe ycnosiw BbObtaatoT neperpy 3 xy. ripexcAe 
Bcero, HaHHCM c H3yHeHH« ma3a. 


ToGnutfa 1 

FI pH&JUnKeH HUH npOHCHT BOpMaJlbBOrO 3 peBHfl 
cpeAH JiHit pssHoro Bospacra * 


BoipacTHaa rpyona 

IIpOUeHT JIHH 

C HCAOCTaTICaMH ipCHHH 

HoBopoxcAeHHbie 

0,5 

ynamHecji cpeAHeft uikojiu 

20 

yqautHecJi Kojuieaxca 

40 

40 jieT 

60 

95 Jier 

95 


Tjias ksk XHsafl icaMepa OficKypa 

Macro rjia3 Ha3UBajor xchboh xaMepon 06cxypOH, ho xa *c SojibuiHHCTBo 
aHaitornfi h rra aHajiorwa BepHa jiHuib nacTHHHO. Fjia3 npeACTaajiaeT co6oh 
6ecKOHenHO 6ouee tohkhh h cjioxchuh npHfSop, hcm cbmuh jiyqoiHH <J)oroan- 
napaT, xoth b npHHiume ohh OAHHaKOBu. B <jx>ToannapaTe Taioxe HMeerca 
npocraa co6HpaTejibHaa jiHH3a hjih CHcreMa jihh3, AeficrByiomaji hoao6ho 
co6npare/ibHOMy xpycrajiHxy rna3a. MyBCTBHTeabHax ruieHxa b 4>^roannapaTe 
cooTBercTByeT HyBCTBHTejibHocTH k CBcry ccrnaTOH o6ojiohkh Ha 3aAHeii cto- 
poHe rjia3a; Ta h apyraji nojiyqajOT nepeBepHyTue, AeHCTBHTe/rbHhie, yMeHb- 
uieHHue H3o6paxceHHJi. ,HHa<J>parMa peryjiHpycr kojikmcctbo csera, Aonycicae- 
mopo b (J)OToannapaT; paAyxcHaa o6cuiOHxa peryjiHpyer koahmcctbo caeTa, 
BxoA*mero a n/ia3. B tcmhotc 3panoK hjih OTBepcTwe pa^yacHOH o6ojiohkh 
moxcct HMcib AHaMcrp iiohth 1 cm, a Ha xpxOM cBere oh hmcct pa3Mep 6yjia- 
BOHHOH rOJIOBKH. 


ypoK 74. JIa6opaTopitafl pa6oTa 
no TeMe «H3yneHHe Mo/tejieH onTHnecKHi npn6opoB» 

3 adauue : pacciirraHTe h Hcnwrairre MO^ejiH <J>OToannapaTa h npoex- 
UHOHHoro annapaTa. 

OSopydoeanue : komiuickt na6opaxopHWH no onroKe, /mneHKa, jihh- 
3bi co6npaiomHe Xs 1, 2. 


* /JaHHwe B3ffThi H3 KHHTH M. JlexHwa (Luckiesh M. Light, Vision and See- 
ing, N.-Y., 1944). 
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Xo n ypoKa 


Coacp^Kaime h Mere a BbinojiHeHHH pafioTbi 

ripw pacnojio2KeHHH npe^weTa Ha paccTOJWHH d , 6ojibine jjbohhoto 
(J)OKycHoro paccTOJWHa 2f jihh 3 li (d > 2f), H3o6pa»ceHHe nojiynaeTca 
yMeHLiueHHoe, aeHCTBHTeJibHoe, nepeBepHyioe. 3Ta cxeMa o 6 lihho hc- 
nojn>3yeTca npH <J)OTorpa<tmpOBaHHH. 

npH pacnojio>KeKHn npeAMeTa Ha paccTOHHHH d> 6ojibiueM (})OKycHD- 
ro paccTOHHHH / JIHH3L1 , ho MeHbiueM ee ^BOHHoro <j)OKycHoro paccToa- 
hhh (f < d < 2d), H3o6pa>KeHHe nojiynaeTca yBejiHneHHoe, fleiiCTBHTejib- 
Hoe, nepeBepHyroe. 3Ta cxeMa Hcnojib3yeTca b npoeKUHOHHwx annapa- 
Tax pa3Hbix thiiob. YBejiHHeHHe /?b o 6 ohx cjiynajix paBHo: 


0 = 


A'B' 

AB 


d 9 


me A'B ' h AB - pa3Mepu H3o6paaceHH« h npe^Meia, d ' u d - pac- 
CToaHHe ot jiHH3bi no H3o6paxceHH« h npejjMeTa. 


IlopaioK BbinojiHeHHH pafioi bi 

1 . YcTaHOBHTe Ha CTOJie hctohhhkh CBeTa H3 KOMnneicra Jia6opaTop- 
hoto o6opyaoBaHHH no onTHKe, BCTaBbTe b okho npH6opa ;iHano 3 HTHB- 
HyTo paMKy co CTpejiKOH. BKJiJOHHTe npH6op b ceTb nepeMeHHoro TOKa c 
Hanpn>KeHHeM 42 B. 

2. fljia HcnbrraHHa MO^ejiH (j)OToannapaTa no n3BecTHOMy 3HaneHHio 
tj)OKycHoro paccToaHHa jihh3m 1 paccHHTairre paccTOHHHa, Ha koto- 
pbix ^oji>KHa HaxoAHTbca jiHH3a ot npe^MeTa h ot 3KpaHa, HTo 6 bi noay- 
HHjiocb H3o6pa>KeHHe, yMeHbineHHoe b 3 pa3a. YcTaHOBHTe *Ha paccHH- 
TaHHbix paccToaHHHx jiHH3y h 3KpaH. H3MepbTe pa 3 Mepbi cTpejiKH b OKHe 
npwGopa h ee H3o6pa»ceHHH Ha 3KpaHe. OnpejjejiHTe noayneHHoe yBejin- 
neHHe h cpaBHHTe ero c pacneTHHM 3HaneHHeM. 

3. Jl six HcnbiTaHHfl MoaeJiH npoeKUHOHHoro annapaTa paccHHTaHTe 
paccToaHHe, Ha kotopom aoJDKHa HaxoflHTbca jiHH3a ot npejjMeTa juih 
nojiyneHHJi Ha 3KpaHe H3o6paaceHH5i, yBeuHHeHHoro b 2 pa3a. 

YcTaHOBHTe jiHH 3 y Ha paccHHTaHHOM paccToaHHH ot OKHa npnSopa h 
nonyHHTe yBejiHneHHoe H3o6paaceHHe CTpejiKH Ha 3 KpaHe. H3MepbTe 
pa3Mepbi H 3 o 6 pa>KeHHa CTpejiKH Ha 3 KpaHe h BbinncJiHTe ysejiMHeHMe. 
CpaBHHTe ero c pacneTHbiM 3HaneHHeM. 

JJ onojiHumejibHbie ladanux 

1 . PaccHHTawTe paccToaHHe, Ha kotopom ^ojDKHbi 6biT b ycTaHOBJieHbi 
JIHH3bI 1 H Xo 2 RJ1H HCn0JIb30BaHH« HX B KaHCCTBe o6beKTHBa H OKy- 
jiapa MHKpocKona. Co6epHTe Moaejib MHKpocKona h paccMOTpHTe cjiana 
nepe3 3Ty Moaenb. HapHcyifre cxeMy xojia Jiynen b MHKpocKone. 
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2. PaccHHTaHTe paccxoflHHa, Ha xoxopbix aoa>KHbi 6bixb pacnoaoace- 
Hbl J1HH3LI No 1 H No 2 ^JIH HCn0JIb30BaHHJI HX B KBHeCTBe o6T>eKXHBa H 
oK'yjiHpa TejiecKona. BbiHHcaHxe yBejinneHMe TejiecKona. npoBepbxe 
npaBHjibHOCTb pacnexa 3KcnepHMemaabHO. 


ypoK 75. PeuieHHe 3aaan no reMe: «OnTmca» 

Uejiu: pa3BHTne HaBbiKOB caMocxoaxeabHofi pa6oxbi; oTpa6oTKa Me- 
toaob peuieHHB 3aaan. 

Xoa ypoKa 


3adanu na «3» 6ajuia 

1. PwcyHOK Ha ,ziHano3HTHBe HMeex Bbicoxy 2 cm, a Ha sicpaHe 80 cm. 
Onpeaeamb orrnmecKyio CHJiy o6BeKXHBa, ecjin paccxoaHHe ox oO^ex- 
XHBa ao ana no3HXHBa 20,5 cm. ( Omeem : 5 arrrp.) 

2. Jlyn CBexa nepexoanx H3 raHuepHHa b B03ayx. KaxoB yroa npe- 
aoMaeHHa ayna, ecan oh naaaex noa yraoM 22°? rioKa3axeab npeaoMae- 
hhji raHaepHHa- 1,47. (Omeem: 33°.) 

3. Omnnecxan cwaa aHH3bi paBHa 2 amp. npeaMex bmcotoh 1,2 m 
noMemeH Ha paccxoaHHH 60 cm ot aHH3bi. Ha xaxoM paccxo«HHH ox 
aHH3bi h KaKofi BbicoTe noayHHxca H3o6pa»ceHHe sxoro npeaMexa? (Om- 
eem: 3 m; 6 m.) 

4. Jlyn CBexa nepexoam H3 Boaw b cxexao c noKa3aTeaeM npeaoMae- 
hhh 1 ,7. Onpeaeawxb yroa naaeHHa ayna, ecaw yroa npeaoMaeHHa paBeH 
28°. IIoKa3axeab npeaoMaeHHa Boau paseH 1,33. (Omeem: 37°.) 

3adanu na «4» 6ajuia 

1 . npeaMex pacnoao)KeH Ha paccTOBHHH 40 cm ox aHH3bi c oriTHae- 
ckoh CHaofi 2 amp. Kax H3MeHHxca paccxoaHne ao H3o6paxceHH« npea- 
Mexa, ecaw nocaeaHHH npn6aH3HXb k aume Ha 15 cm? (Omeem: CMe- 
cxHxca Ha 1,5 m Oamxe x HHH3e.) 

2. MoHexa ae>xm Ha rayGwHe 2 m. EyaeM cMoxpexb Ha Hee cBepxy no 
BepxHfcaan. Ha xaxoii ray6nHe Mbr yBnaHM MOHeiy? noxasaxeab npeaoM- 
aeHHa Boabi - 1,33. /la* Maabix yraoB xaioxe cqmaxb paBHbiM CHHycy. 
(Omeem: 1,5 m.) 

3. npeaMex BbicoxoH 16 cm Haxoamca Ha paccxosiHHH 80 cm ox paccen- 
BaiomeH aHH3bi c oimmecKOH cnaon - 2,5 amp. Bo cxoabico pa3 H3MeHHxca 
Bbicoxa H3o6paaceHfw, corn npeaMex noaBHHyxb k JiHioe Ha 40 cm? (Om- 
eem: b 1,5 pa3a.) 

4. Jlyn CBexa naaaex Ha cxexJiflHnyio naocxonapaaaeabHyio naacxHHxy 
c noxa3axeaeM npeaoMaeHna 1,5 noa yraoM 60°. KaxOBa xoamuHa naa- 
cxhhkh, ecan npH Bbixoae H3 Hee ayq cMecxnaca Ha 1 cm? (Omeem: 2 m.) 
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3adatu ho «S» Oaiuioe 

1 . Ot npe^Mera bmcotoh 3 cm nojiyHHjm c noMombio jiHH3bi irteHdr 2 - 
BHTejibHoe H3o6pa»ceHHe bhcotoh 18 cm. Koiyja npe,HMeT nepe^BHHyjiH 
Ha 6 cm, to nojiyHHjiH mhhmoc H3o6paaceHHe bmcotoh 9 cm. Onpe^e- 
jiHTb (JjoicycHOe paccTOHHHe h onTHMecKyw) cHjiy JiHH3bi. (Omeem: 0,12 m.; 
8,33 amp.) 

2. Bo^ojia3 bmcotoh 1 80 cm ctoht Ha jxhc 03epa rjiy6HHOH 5 m. Bm- 
HHCJIHTb MHHHMaJIbHOe paCCTOJIHHe OT TOHKH, TRC CTOHT BOflOJia3, flO TCX 
tohck ;iiia, KOTopue oh Moxcer yBH^en> b pe3yjibTaTe nojiHoro BHyTpeH- 
Hero OTpa^ceHHB. (i Omeem : 9,43 m.) 

3. PaccTOJiHHe ot npe^Mcra no jiHH3bi h ot JiHH3bi no fleifCTBHTejib- 
Horo H3o6pa»ceHHB npe^Mera oahhbkobm h paBHLi 60 cm. Bo ckojibko 
pa3 yBejiHHHTCJi H3o6pasceHHe, ecjiw npe^MeT noMecnm* Ha 20 cm 6jih- 
xce k JiHH3e? (Omeem: b 3 pa3a.) 

4. Ha AHe cocyaa, HanonHenHoro bo^oh no bmcotm 40 cm, Haxo^HT- 
CS TOHeHHMH HCTOHHHK CBCTa. Ha nOBCpXHOCTH BOflU njiaBaCT KpyrnblH 
flHCK, UeHTp KOTOpOrO HaXO^HTCJI H3fl HCTOHHHKOM. OpH KaKOM MHHH- 
MajibHOM paanyce .ancxa jiynn ot HCTOHHHxa He 6y;jyT BHXoflHTb H3 bo- 
Abi? IloKa 3 aTejib npejioMjieHHfl bo^m paBeH 1,3. (Omeem: 0,48 m.) 

3 a dan u noebiuteHHou mpydnocmu 

1 . Co6HpaiomaB JiHH3a flacr H3o6paaceHHe npcaMeTa, yBeuHHeHHoe b 
5 pa3. OxpaH npHflBHHyjin k npe^MeTy Ha 50 cm, 3aTeM nepeMecTHjiH 
uHH3y Tax, hto npe^MeT Ha DKpane nojiyHHJica b HaiypantHyio bcjihhh- 
ny. HafiTH onTHHecxyio CHjiy jihh3M h nepBOHananbHoe paccroaHHe Me- 
yKjsy npe^MeTOM h axpaHOM. (Omeem: 6,4 amp; 1,125 m.) 

2. C noMOiubio co6HpaioineH JiHH3bi Ha 3KpaHe nojiyneHO yMeHbUieHHoe 
H3o6pa>KeHHe. Pa3Mep npe^MCTa paBen 6 cm, pa3Mep H3o6paaceHHB - 4 cm. 
OcraBJUifl 3KpaH h npe^Mcr Heno^BHxcHbiMH, JiHH3y nepeMemaKrr b cropoHy 
npe^MeTa. Onpe^euHTb BejiHHHHy BToporo nerKoro H3o6paaceHHfl. (Omeem: 
9 CM.) 


^OMauinee ^aaanHe 

n. 60-65. 


ypoK 76. JIa6opaTOpHan paGoxa 
no TeMe «Onpeflejiemie pa3peuiaiomeif cnoco6nocTH rjia3a» 

3a da nue: HaGjHO^aa flBe 6 jih3ko pacnouo^KeHHbie tohkh Ha 6ejioM 
JiHcre c pa3Hbix paccrojiHHH, onpe^eaHTe paipcuiamLnyro cnocoOHocTb 
cBoero rjia3a. 




ypoK 76. JlaSopamopHasi pa6oma 


223 


Odopydoeanue : Hrna; jihct MHjuiHMerpOBOH GyMarn; jihct Ge;iOH 
GyMarn; pyueTKa. 

Xoa ypoKa 

CoaepxcaHne h MeToa BbinojiHeHHn paoorbi 

Pa3pemaioiqafl cnocoGHocTb niaaa icaic onTHHecKOH CHCTeMbi 3 aBHCHT 
ot ^HaMeTpa 3panKa. Ecjih nepe^ rjia30M pacnojio>KeH Henpo 3 panHbiH 
3KpaH c OTBepcTHeM, anaMeTp KOTOporo MeHbme anaMeipa 3panKa, to 
pa3pemaK>maji ciiocoGhoctl r;ia3a yMeHbiuaeTca BCJie^CTBHe ^H^paKUHH 
CBera Ha otbcpcthh. 

Jlpx npoBeaeHHfl HccjieaoBaHHx HeoGxoflHMo noflroTOBHTb oGbeicr 
HaGnio^eHHa h paa OTBepcTHH pa3HHHHoro ^HaMeTpa b Henp03panH0M 
3KpaHe. ia HaGjiKxaeHHH moxcho ncnojib30BaTb jihct GyMarn c flByMfl 
nepHbiMH TOHKaMH Ha paccToaHHH 1 mm ojjHa ot Apyrofi. B KanecTBe 
3KpaHa MOXCHO B3flTb nOjlOCy MHJIJIHMeTpOBOH GyMaTH, B KOTOpOH HTJIOH 

npoKajibrnaioTca OTBepCTHa jjHaMeTpoM 0,3; 0,5; 0,1; 1,5 h 2,0 mm. 

BbinojiHATb H3MepeHna yaoGHO b^bocm. O^hh H3 3KcnepHMeHTaT0- 
poB HaGiiio^aeT nepe3 OTBepCTue b aicpaHe nepHbie tohkh, a BTOpon H3- 
MepaeT MaKCHMajibHoe paccTOXHHe ot ma 3 a HaGnfo^aTejia ^o 3 Toro jihc- 
Ta, npn kotopom nepe3 ^aHHoe OTBepCTHe £Be tohkh eme bh^hbi pa 3 - 
^ejibHO. 


IlopHflOK BbinojiHeHHn paGoibi 

1. YcTaHOBHTe nepe;i npaBbiM nia30M 3KpaH H3 mhjijihmctpoboh Gy- 
Mara h HaGjiio/iaHTe nepe3 oTBepcrae ^naMeTpoM 0,3 mm b 3KpaHe aee 
tohkh Ha JiHCTe GejioH GyMarw, HaxoABmnecfl Ha paccTosiHHH 1 mm apyr 
ot ,apyra. riocTeneHHO yuanaacb ot jiHCTa GyMarn, onpeaejiHTe Maxcn- 
MajibHoe paccTOHHHe, Ha kotopom £Be tohkh eme He cjiHBaioTca b o^ny, 
a bh^hu pa3^ejibHO. 

2. TaKHe )Ke HaGmo^eHHa BbinojiHHTe, HaGnio^aa oth x<e tohkh nepe3 
OTBepcTHa AnaMeTpOM 0,5; 0,1; 1,5; 2,0 mm. Pe3yjibTaTbi H3MepeHHH 3a- 
HecHTe b OTneTHyio TaGjTHuy. 

3. npHHHMaa paccToaHHe l Mex<£y TOHKaMH, paBHoe 1 mm, 3a ^JiHHy 
jjyra - oKpyxcHOCTb, a paccToaHHe R ot nia3a %o JiHCTa GyMarn - 3a pa- 
unyc OKpy>KHOCTH, BbIHHCJIHTe MHHHMaJTbHOe yTJIOBOe paCCTOHHHe MCXC- 
ny TOHKaMH npn Ha6jiK>,qeHHH nepe3 oTBepcTH* ^HaMeTpoM 0,3; 0,5; 1,0; 
1,5 h 2,0 mm no (j)opMyjie: 

_ I -360° _ 12>60-6Q’ _ 3438' / 

<P ~ 2 nR ~ 2nR ~ R 

llocTpoHTe rpa(J)HK 3aBHCHMOCTH pa3pemaiomeH chocoGhocth rna3a 
(p ot AHaMeTpa d oTBepcTHX b 3KpaHe. 
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4. YcTaHOBHTe 3HaHeHna yrjia, npH kotopom npaKTHHecKH He MeHB- 
eTca pa3pemaiomaH cnoco6HOCTb npw ^ajitHefimeM H3MeHeHHH ^HaMeT- 
pa OTBepcTHH b 3KpaHe. Oi^eHHTe JiHHeHHbie pa3Mepbi cBeTonyBCTBH- 
TejitHux 3JieMeHTOB ma3a - kojiGohck. B pacneTax moxcho npHHBTb, hto 
paccT05iHHe ot poroBHqu ao ceTHaTKH ma3a paBHO 18 mm, h CHHTaTb, 
hto flBa ToneHHbix HCTOHHHKa CBeTa perHCTpHpyioTca rjia30M kslk pa3- 
^eubHbie, ecuH paccTOflHHe Me»my hx H3o6pa»ceHHJiMH npeBbimaer yn- 
BoeHHbiH pa3Mep koji6ohkh. 

^oMamHee 3aAamie 

n. 60-65. 


ypoK 77. KoHTpojibHan pa 6 oTa 
no TeMe: «OnTHica» 

Ifejib: BbiBBHTb 3 HaHHa ynamHxcji no TeMe «OnTHKa». 

X 04 ypoKa 

Bapuaum I 

1 . npe^MeT BbicoTofi 60 cm noMemeH Ha paccTOHHHH 60 cm ot co6h- 
paioiueH jiHH3bi c (J)OKycHbiM paccToaHHeM 12 cm. Onpeaejiirre, Ha kbkom 
paccTOHHHH ot jiHH3bi nojiynHJiocb H3o6paaceHHe h pa3Mep nojiyneHHoro 
H3o6pa«eHHa. ( Omeem : 15 cm; 15 cm. 

2. JIo,a KaKHM yrjiOM cjie,oyeT HanpaBHTb Jiyn Ha noBepxHocTb CTeKJia, 
noKa3aTejib npejiOMJieHH« KOTOporo 1 ,54, htoGm yroji npejiOMJieHHa no- 
jiyHHJicfl paBHWM 30°? (Omeem: 51°.) 

3. B aho Bo^oeMa rjiyGHHofi 2 m B6HTa CBaa, Bbiciynaiomafl Ha 0,5 m 
H3 bo^u. Hairm aJiHHy TeHH ot CBan Ha a He Bo,aoeMa npH yrjie naaeHHfl 
jiyneH 30°. IIoKa3aTejib npejiOMJieHH* bo^h 1,33. (Omeem: 1, 036 m. 

4. PaccTOBHHe ot npe^MeTa ao jihh3w h ot jihh3m j\o H3o6pa»eHH» 

o^HHaKOBbi h paBHbi 0,5 m. Bo cKOJibKo pa3 yBeJiHHHTca H3o6paaceHHe, 
ecJiH cMecTHTb npe^MeT Ha paccToaHHe 20 cm no HanpaBjieHHio k jiHH3e? j 
(Omeem: b 5 pa3.) ] 

5. IIpejioMJifliomHH yroji ctckjmhhoh npH 3 Mbi 60°. ITo^ khkhm yrjiOM j 

jiyHH .aojDKHbi na^aTb Ha npH 3 My, hto6m bbixo^htb H 3 Hee, CKOjib 3 B j 
BflOJib noBepxHOCTH npoTHBononoxcHOH rpaHH? rioKa 3 aTejib npejiOMJie- j 
hhji cTeKJia 1,6. (Omeem: 35°.) \ 

6. BwcoTa npe^MeTa paBHa 5 cm. JlnH3a r aeT Ha 3KpaHe H3o6paace- ; 
Hne BbicoTofi 15 cm. npe^Mer nepe^BHHyjiH Ha 1,5 cm ot jiHH3bi h, nepe- 
ABHHyB 3KpaH Ha HexoTopoe paccTOHHHe, CHOBa nojiyHHJiH H3o6pa»ceHHe j 
BbicoTofi 10 cm. Haifrn (J)OKycHoe paccTOHHHe JiHH3bi. (Omeem: 9 cm.) i 
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3adana nosbimewwu aioatcnocmu 

1. ripemeT, pacrroJicoKeHHUH nepea coSHpaiomefi jihh3oh, ,naeT Ha 
3KpaHe H3o6pa»ceHHe bbicotoh 96 mm. npH nepeMemeHHH jihh3m noJiy- 
naioT BTopoe neTKoe H3o6pa>xeHHe npe^MeTa Ha sxpaHe bbicotoh 6 mm. 
Haihn BticoTy npe^MeTa. ( Omeem : 24 mm.) 

Bapuanm II 

1 . Jlyn cBeTa nepexo^HT H3 CTexjia b Boay. Yroji najieHHB 45°. HeMy 
paBeH yron npejioMJieHHa? noxa3aTe.uL npejiOMJieHHH CTeioia 1 ,6; bo^li - 
1,3. (Omeem: 61°.) 

2. riepe^ co6HpaiomeH jihh30h c <j)OKycHMM paccTOjiHHeM 10 cm jto- 
Meu^eH npe^MeT. Ha xaxoM paccTOHHHH Haao noeraBUTb npe^MeT, hto6bi 
ero ^eHCTBHTejibHoe H3o6pa>xeHHe 6 i»ijio b 4 pa3a 6ojibiue caMoro npe,n- 
MeTa. (Omeem: 12,5 cm.) 

3. KaxoBo CMemeHHe Jiyna ruiocxoH ctcxjijihhoh juiacTHHXOH mn- 
ihhhoh 3 cm, ecjiH Jiyn najiaeT Ha Hee noa yrjiOM 70°? IIoxa3aTejib npe- 
noMJieHHx CTexjia 1,5. (Omeem: 2 cm.) 

4. CoGwpaiomaB JiHH3a /jaeT Ha 3xpaHe neTxoe H3o6pa)xeHHe npe^Me- 
Ta, xoTOpoe b 2 pa3a 6ojimie npenMeTa. PaccTOMHHe ot npe^MeTa ao 
jiHH3bi Ha 6 cm npeBtmiaeT ee (JjoxycHoe paccTOHHHe. Haimi paccTOHHHe 
ot jiHH3bi jxo axpaHa. (Omeem: 36 cm.) 

5. Ha CTexjiBHHyio npH3My ABC (cm. phc. 75) c npejiOMXUiiomHM yr- 
jiom 30° na^aeT jiyn CBeTa, xoTopbiH BHyTpn npH3Mu H,neT napajuieJibHO 
BC. Onpe^ejiHTb yroji CMemeHHa Jiyna, ecjiH AB = AC, a noxa3aTenb 
npejiOMJieHHB CTexjia 1,6. (Omeem: 18°.) 


A 



6. JlHH3a ,aaeT .ueHCTBHTejibHoe H3o6pa)xeHHe npe^MeTa c yBejiHHe- 
HHeM r = 3. KaxHM 6y^eT yBejiHHeHHe, ecjiH Ha mccto nepBOH JIHH3M 
nocTaBHTb BTopyio c onTHHecxofi chjioh B^Boe GoJibrnen? (Omeem: 0,6.) 

3adana noebnuennou cnoMcnocmu 

l. CBeTamaaca Tonxa naxo^HTca Ha maBHOH onTHnecxoii och JiHH3bi 
(rjiaBHoe (J)oxycHoe paccToxHHe xoTopow paBHo 3 cm) Ha paccTOHHHH 
4 cm ot ee onranecxoro uempa. Ha paccTOHHHH 3 cm ot nepBoft JiHH3bi 
Haxo^HTCK BTopaa TaxoH ace onTHHecxoH chjili. OnTHHecxHe och o6ewx 


8 B. A. Botikob 
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jihh 3 coBnazjafOT. T^e nojiyqnTca H3o6paaceHHe cBerameHCfl tohkh? Fto- 
CTpOHTb xoa jiyneH. ( Omeem : 2, 25 cm.) 


ypoK 78. ^HcnepcHH ceeTa 

Lfejib: o6t>bchhti> HBJieHHe AHcnepcHH CBeTa. 

Xoa ypoKa 

I. OpraHinaunoHHbiH momcht 

II. H3yneHHe hoboto Ma repnajia 

1 . PaccKa3 ynHTeJia. 

Bonpoc o npHHHHe pa3:mqHOH oKpacKH TeJi eCTecTBeHHo 3aHHMaji yM 
qejiOBexa. BruiOTb ao 1666 r. b 3 TOM Bonpoce 6buia nojiHaa HeonpeAe- 
jieHHOCTt. CqHTajiocb, hto ijbct ecTb cbohctbo caMoro Tena. C He3ana- 
MaTHbix BpeMeH Ha6jiK>AaJiocb pa3AeJieHHe ijBeTa panyrH, u Aa>xe 6biJio 
H3BecTHo, hto o6pa30BaHHe pa^yrH CBinaHO c ocBemeHHOCTbic Aoagje- 
Bbix Kanejib. 

Tax, flexapT Ha6jiiOAaJi HCxyccTBeHHyio pa^yry Ha boahhoh nbum 
(J)OHTaHOB H npOH3BOAHJI OnblTM 110 nOJiyMeHHFO pa^yrH CO CTeKJlflHHblMH 
mapaMH, HanojiHeHHbiMH boaoh. flexapT Mor o6i>5iCHHTb <J)opMy h yc- 
noBHbie pa3Mepbi pa^yrn Ha He6ocxjioHe, ho npHHHHti ubctob paAyrn 
eMy ocxaJiHCb HeacHbiMH. 

HbiOTOH oGpaTHJica x HccjieAOBaHHio HBeTOB, Ha6jjiOAaeMbix npw 
npejioMjieHHH CBeTa, b cbjhh c ycoBepmcHCTBOBaHHeM TejiecxonoB. 
Hbiotoh xoTen nojiyHHTb jiHH3bi xopomero xanecTBa, oh o6paTHJi bhh- 
MaHHe Ha HajiHHHe oxpauieHHbix xpaeB. HccjieAyfl oxpameHHbie npH 
npejioMjieHHH xpaa, Hbiotoh c^ejiaji cboh OTxpbrmfl b o6jiacTH ohthxh. 

2. 3xcnepHMeHT. 

fleMOHCTpauHB AncnepcHH CBeTa. 

3. npOAOJixceHHe H3yqeHH« MaTepwajia. 

Hbiotoh HanpaBHJi Ha npH3My cbctoboh nyqox Majioro nonepeqHoro 
ceneHHa. Fla^aa Ha CTexjiHHHyio npH3My, oh npejioMjuuica h AaBaA Ha 
npOTHBonono>KHOH CTeHe H3o6pa>xeHHe c pa^y>KHbiM qepeAOBaHHeM 
ABeTOB. CaMy nojiocxy Hbiotoh Ha 3 BaH cnexTpoM. 

npH 3aXpbITHH OTBepCTHH IJBeTHLIMH (J)HJIbTpaMH Ha CTeHe Ha6jno- 
AaiOTca TOJibxo Te uBeTa, xoTopbiMH 3axpbiT nyqox CBeTa. OTCiOAa bbi- 
boa - npH3Ma He oxpauiHBaeT 6ejibiH ubct, a Jinuib pa3JiaraeT ero Ha co~ 
cTaBHbie qacTH. 
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SaBHCHMOCTb noKa3aT cm npenoMneuvin csera ot nacrcra KOJie6aHHH 
(HJIH JUIHHbl BOJIHbl) Ha3bIBaeTCfl ^HCnepCHeH. 

Ckopoctl CBeTa b BaicyyMe He 3aBHCHT ot d hjih X bojihu h paBHa 
npH6jiH3HTeJii»HO 3 * 10 ® m/c. Ecjih noonepeflHO nponycKan. Hepe3 creic- 
JiflHHyio npH3My nyHKH MOHOxpOMaTHHecKoro CBeTa pa3HOH ubcthocth 
noa oflHHM h TeM »ce yrJiOM na^emifl, to ybhahm, hto ^hojictoblih Jiyn 
npejioMJweTca 6oJii»me, neM KpacHMH. Ohcbm^ho, n* > n K . AGcojuothwh 
noKa3aTe/ib npeJioMueHHJj CBU3aH co cxopocTbio pacnpocTpaHemia cscm 

b 3toh cpe.ae (JjopMyjioii: n - — . 

u 

c c 

CjieflOBaTeJibHo, n A = — , /i K = — . 

n . u 

Orciofla cjie^yeT: no*. = n n ; — = — . 

Tax KaK < u r , n^>n K , juhi oahoh h toh xce cpeaw, to > v K . 

3HaHHT, B OAHOM H TOM HKC BdUeCTBe CKOpOCTH CBeTa flJ W pa3JIHHHbDC 
nacTor (hjih juihhu bojih) pa3JiHHHbi. Pa3HHHHbi 6y,nyT H nOKa3aTeJlH 
npejiOMJieHHB. CjieflOBaTejibHo, nOKaaaTejib npejioMJieHHJi CBeTa 3BBHCHT 
ot ero nacTOTbi. 

3Haji, hto 6ejibiH CBer HMeeT cjioacHyio CTpyicrypy, moxcho o6i>jicHHTb 
y^HBHTejibHoe MHoroo6pa3He KpacoK b npHpojje. Ecjih npe^Mer oTpaxca- 
eT Bee naaaiomHe Ha Hero jiynw pa3jiHHHbix hbctob, to oh 6yaeT Ka3aTb- 
cji 6ejibiM. IloKpbiTaji cJioeM KpacHOH KpacKH 6yMara, OTpaxcaer TOJibKO 
KpacHbiH jiyHH, ocTajibHbie ace norjioTjrrcji CJioeM KpacKH. Tpasa h jih- 
cTbJi ^epeBbeB KaacyTca HaM 3ejieHbiMH JiHWb noroMy, hto H3 scex na- 
AaiomHx Ha hhx cojmeHHux jiyneii ohh oTpaacaioT 3ejieHbie, nomomaa 


8 * 
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ocTajitHbie. Ecjih nocMOTpeTb Ha TpaBy nepe3 KpacHoe CTeioio, nponyc- 
Kaiomee jmmb KpacHbie jiynn, to oHa 6y^eT Ka3aTbCH jiohth nepHOH. 

OntiTaMH HbiOTOHa ycTaHOBJieHo, hto SejibiH ubct CojiHua HMeeT 
cjiohchuh xapaKTep. AHajiH3Hpyji cocTaB cBeTa npn noMomn npH3Mbi, 
MOXCHO yGe^HTbCJI, HTO CBeT 6oJILIUHHCTBa JlpyrHX HCTOHHHKOB (jiaMnhl 
HaKajiHBaHHR, ayroBOH (j)OHapb h t. jx .) HMeeT cjiohchlih xapaicrep. Coot- 
BeTCTByiomHe ynacTKH cneKTpoB hmciot pa3JiHHHyio xpKOCTb, t. e. 3Hep- 
thh pacnpe^ejieHa pa3JiHHHO. 

OKpacKa pa3JiHHHMx npe^MeTOB, ocBemeHHbix ojihhm h tcm xce hc- 
tohhhkom CBeTa, 6biBaeT BecbMa pa3Hoo6pa3Ha, HecMOTpa Ha to, hto Bee 
3 th npe^MeTbi ocBemeHbi cbctom oflHoro cocTaBa. OcHOBHyio ponb b 
TaKHx 3(})(})eKTax HrpaiOT ^bjichhh OTpaHceHHH h nponycicaHHji CBeTa. 

III. 3aKpenjieHHe mynemioro 

- B HeM COCTOHT flBJieHHe ^HCnepCHH? 

- Kax Ha onbrre Ha6jno,aaTb HBJieHHe ^nenepCHH? 

- Kaxwe BtiBo^bi caejiaji Hbiotoh b pe3yjn»TaTe oiccnepHMeHTajibHoro 
H3yneHH5i ancnepcHH? 

- KaxoBa npHHHHa pa3Jio>KeHHji 6ejioro CBeTa b cneicrp npH npoxoxc- 
AeHHH nepe3 npH3My? 

- B neM npHHHHa bo3hhkhobchh5i pa^yrn? 

- Moxcho jih HCKyecTBeHHO nonyHHTb paayry? 

- B KaxoH cpe^e CBeT pacnpocTpaHaeTca kphbojihhchho? 

IV. IIoABe^eHHe HToroB ypoKa 

^oivtauiHee 3aaamfe 

n. 66. 

]lo,nroTOBHTb ^oKJiaAbi no TeMaM*. 

1 . «Cbct h HBeTa Ten». 

2 . «L(BeTHbie Tejia, ocBemeHHbie 6 eJibiM cbctom». 

3 . «L(BeTHbie Tejia, ocBemeHHbie ubcthbim cbctom». 

4. «HaebimeHHOCTb UBeTOB». 

5. «Pa#yra». 


^onojiHHTejibHbiH MaTepnaji 

OiiTHKa HbiOTOHa 

Eme b 60-e rr. XVII b. Hmotoh 3anHTepecoBanc>i oiithkoh h caejiaji oTKpbi- 
Twe, KOTopoe, xax Ka3anocb cHanaJia, roBopHJio b nojib3y KopnycicyjiflpHOH Teo- 
pHH CBeTa. 3 thm OTKpbiTHeM 6biJio HBaeHHe .awcnepcHH CBeTa h npocTbix ubctob. 

Pa3Jio^ceHne 6ejioro CBeTa npH3MOH b cneKTp 6buio h3bcctho oneHb aaBHO. 
OaHaxo pa3o6paTbCH b 3tom hbjichhh ao HbiOTOHa hhkto He cMor. 

yneHbix, 3aHHMaiomHxcji outhkoh, HHTepecoBan Bonpoc o npupoae useTa. 
HaH6o/iee pacnpocTpaHeHHbiM 6biJio mhchhc o tom, hto 6ejibiH cbct HBaaeTCfl 
npocTbiM. IlBCTHbie 5Ke JiynH noJiynaioTca b pe3yjibTaTe Tex hjih hhhx ero H3Me- 
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hchhh. CymecTBOBajiH pa3JiHHm>ie TeopHH no 3T0My Bonpocy, Ha xoTophix mu 
ocTaHaBjiHBaTbCfl He 6y,aeM. 

H3yna« xBjieHHe pa3no:>xeHHJi 6ejioro CBeTa b cnexTp, HbioTOH npHiuen k 3a- 
KJHOHeHHK), HTO 6ejIUH CBeT ABJUieTCJl CflOHCHbIM CBeTOM. Oh npeACTaBAJieT co- 

6oh cyMMy npocTbix useTHbix jiywen. 

HbtoroH pa6oTaji c npocTOH y cTaHOBxoii . B CTaBHe OKHa 3aTeMHeHHOH xoMHa- 
tm 6biJio npo,qeJiaHo MajieHbxoe OTBepcTHe. Hepe3 3 to oTBepcTHe npoxoAHJi y3KHH 
nynoK conHenHoro ceeTa. Ha nyra CBeTOBoro Jiyna CTaBHjiacb npH3Ma, a 3a npn3- 
moh 3KpaH. Ha 3KpaHe Hbiotoh Ha6jno,qan cneicrp, t. e. yiuiHHeHHoe H3o6paxceHHe 
Kpymoro OTBepCTHa, xa k 6bi coCTaajieHHoro H3 MHorux UBeTHbix xpy>KKOB. npw 
3 tom HaH6ojibinee OTKjioHeHHe HMejiH (fiHOJieroBbie Jiynn - oahh xoHeu cnexTpa, h 
H aHMeHbmee OTxnoHeHHe - xpacHbie - Apyron xoHeu cnexTpa. 

Ho 3tot onbiT eme He hbjiaacji y6e^HTejibHbiM Aoxa3aTejibCTBOM cjio>khocth 
6ejioro CBeTa h cymecTBOBaHHa npocTbix jiynen. Oh 6mji xopouio H3BeCTeH, h H3 
Hero mojkho 6biJio c^eJiaTb 3axjnoHeHHe, hto, npoxoA* npH3My, 6eJibiH cbct He 
pa3JiaraeTC« Ha npocTbie jiynH, a H3MeHxeTCJi, xa k MHorae AyMajiH ao HbiOTOHa. 

Jl ji« Toro HTo6bi noATBepAHTb BbiBOA o tom, hto 6ejibiH CBeT coctoht H3 npo- 
CTbix qBeTHbix nynefi h pa3JiaraeTCfl Ha hhx npn npoxoxcAeHHH nepe3 npH3My, 
HbioTOH npOBOAHJi ApyroH onbiT. 

B axpaHe, Ha xotopom Ha6jiK>AaJicji cnexTp, Aejianocb Taxace Manoe OTBep- 
cTHe. Hepe3 OTBepcTHe nponycxajin yace He 6ejibiH cbct, a cseT, hmcioiuhh onpe- 
AeneHHyio oxpacxy, roBopa coBpeMeHHbiM «3bixoM, MOHOxpoMaTHHecxHH nynox 
CBeTa. Ha nyTH 3Toro nynxa HbioTOH CTaBHJi HOByio npH3My, a 3a Hew hobwh 
3 XpaH. Hto 6yAeT HaSnioAaTbCJi Ha 3 tom axpaHe? Pa3Jio>xHT oh oahoubcthmh 
nynox CBeTa b HOBbiH cnexTp hjih hct? OnbiT noxa3aji, hto otot nynox CBeTa 
OTXJioHxeTCJi npH3MOH xax oaho uejroe, noA onpeAeneHHbiM yrnoM. npH 3 tom 
CB eT He H3MeH«eT CBoen oxpacxn. noBopaHHBaa nepByio npH3My, HbioTOH npo- 
nycxaji nepe3 OTBepcTHe axpaHa uBeTHbie nynn pa3JiHHHbix ynacTxoB cnexTpa. 
Bo Bcex cjiynaax ohh He pa3JiarajiHCb BTopon npH3MOH, a Jinuib OTXJioHiuiHCb Ha 
onpeAeAeHHbiH yroA, pa3HbiH ajw Jiynew pa3JiHHHoro UBeTa. 

nocne 3toto HbioTOH npumeji x 3axjiiOHeHHK>, hto 6enbiH cbct pa3JiaraeTca 
Ha UBeTHbie Jiynu, xoTOpbie hbjuhotcji npocTbiMH h npn3MOH He pa3JiaraiOTCJi. 
Jl Ji5i xa^KAoro UBeTa noxa3aTejib npeAOMjieHHa HMeeT CBoe, onpeAeAeHHoe 3Ha- 
HeHHe. l^BeTHOCTb 3THX JiyHCH H HX npeJIOMJIJieMOCTb He M05KeT H3MeHHTbC« «HH 
npeAOMneHHeM, hh oTpaaceHHeM ot ecTecTBeHHbix TeA, hjih xaxoH-JiH6o hhoh 
npHHHHOH», - nHCaA HblOTOH. 

3to OTXpbiTHe npoH3Beno 6oAbiuoe BnenaTJieHHe. B XVIII b. <}>paHuy3cxHH, 
noaT A*OBapA nncaA: «Ho hto 3to? ToHxaa cymHocTb othx nyneH He MO^xeT 
H3MeH«Tbcn no CBoen npHpoAe! Hnxaxoe ncxyccTBo He b coctouhhh ero pa3py- 
uiHTb, h xpacHbiH hjih chhhh Jiyw HMeeT cbok) oxpacxy, no6excaaji ece ycn^HH». 

TaxHM o6pa30M, npocTbie nyHH hbjuuotcji HeH3MeHHbiMH. Ohh npeACTaBna- 
k)t, momcho cxa3aTb, aTOMbi CBeTa, noAo6HO aTOMaM seiuecTBa. 3tot bhboa xa- 
3aAca b xopomeM corjiacuu c xopnycxyAnpHOH Teopnen CBeTa. ^eucTBHTeJibHo, 
HeH3MeHHbie aroMbi csera, npocrwe nyww, bbjuhotcb noToxoM h oahopoahwx 
nacTHu, xoTOpbie, nonaA^ b Hain rjia3, Bbi3bJBaiOT omyiueHHe onpeAeAeHHoro 
UBeTa. CMecb >xe pa3HopoAHbix CBeTOBbix nacTHu HBJiaeTCii 6eAbJM cbctom. npH 
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npoxo>*cfleHHH nepe3 npH3My Oeabiii cbct pa3Jiaraerc«. npH3Ma copTHpyeT CBe- 
TOBtie nacTHHU, otkjiohhji hx Ha paiHbiH yroJi b cootbctctbhh c hx UBeTHocTbio. 

OrKpbiTHe flHcnepCHH 6bUio pacueHeHo Hmotohom h Gojibihmhctbom ero co- 
BpeMeHHHKOB h nocaeaoBaTejieH xax (^axT, noATBepxtaaiomH h xopnycxyaapHyio 
TeopHio CBera. 

C TOHXH 3 peHH« BOJIHOBOH TCOpHH TpyflHO 6bUIO o6T>»CHHTb OTKpbITHe HbK)- 
TOHa, noxoMy hto TeopHH pacnpocTpaHeHHJi bojth eme He 6uao. rioHHMaHHe 
Toro, hto hbct onpeAenaerca nepHOAOM cbctoboh bojihu, npHiuno 3 HawreabH 0 
no33Ke. Ho nance ecjiH 6w kto h AoraAaaca 06 3 tom, to see paaHo Heaerxo 6buio 
npe^cTaBHTb ce6e, noneMy npH orpaaceHHH h npejiOMJieHHH nepHOA ocraerca 
HeH 3 MeHHblM. 

TaKHu o6pa3GM, c tohkh 3peHH* bojihoboh TeopHH noHBTb OTKpbITHe Hbio- 
TOHa b to BpeMfl 6buio noHTH Heao 3 M 05 KHo. H He cjiynaiiHO noftreHc b cBoew 
pa6ore, o Korropon mu roBOpHJiH Bbnue, cobccm oGoiuea Bonpoc o AwcnepcHH 
CBera, xora b 1690 r., xoraa 6buia onyfijiHKORaira ero xHnra, oh y>xe 3 Han o pa- 
6orax HbioroHa no onxHKe. 

Hrax, HbioTOH BCTan Ha Tonxy 3peHH« xopnycxyaapHOH TeopHH CBera, Ha 
ocHOBe KOTopofi 6buio Jienco noHaTb orxpuToe hm »BjieHHe flHcnepcHH CBera. Ho 
Be^b, cnpocHTe Bbi, k 3TOMy BpeMeHH 6bijiH yace H3BecTHH aBaeHna H3 o6jiacTH 
BOJIHOBOH onTHKH - HHTep4>epeHl|Ha H AHt()paKUHa. 3aHHMaaCb HCCJieAOBaHHflMH 
no ormixe, HbKrroH He Mor npoHTH mhmo hhx h aojdkch 6biji CToaxHyTbca c 
3aaaneH o&baCHeHHa 3 thx jibjichhh Ha ocHose xopnycxyaapHOH TeopHH. 

H AeHCTBHrenbHO, Hbiotoh He 3a6bin 06 3 thx aBJieHHHX h noribiTaaca AaTb 
hm o6i»JiCHeHHe. Hto xacaeTcx sbjichhh AH<f>paxuHH, to oh 6ojiee hjih MeHee 
aerxo, xax xa3aaocb, cnpaBHaca c yxa3aHHoii 3a;taMeH. Kor^a cbct npoxoAHT 
MHMO 3KpaHa, TO MOKOy HaCTHnaMH, H3 KOTOpbIX COCTOHT 3KpaH, H CBCTOBblMH 
jiynaMH (aTOMaMH CBera) AeacTByiOT chjiu npHTsaceHHa. BcaeACTBHe 3Toro Jiymi 
3axoA«T b o6jiacTb reoMeTpHMeexon TeHH. 

npHBeAeHHoe o6-bacHeHHe 6biJio, kohchho, HesepHbiM. Ho b to BpeM», xorAa 
jiBJieHHe AH^paxnHH 6biJio eme HeAOCTaronHO H 3 yneHo, Taxoe o6b«CHeHHe xa3a- 
jiocb y6eAHTejibHbiM. 

TpyAHee o6croaao Aeao c o 6 i» 5 icHeHHeM aBaeHna HHTep<}>epeHUHH. Ero yace 
HanajiH H 3 ynaTb. H caM Hbiotoh caenaa BaacHbin mar b HccaeAOBaH h h HHTep<|>e- 
peHUHH CBeTa b tohkhx naeHxax. 

YHeHbiH co6paa cneunaabHyio ycTaHOBicy ah» H3yneHHa 3Toro aaaeHHa. Oh 
b 3 jui jiHH3y, nojioHoui ee Ha cTexaaHHyio naacrHHxy h HaOjiio^aji TeMHbie h 
CB erjibie Kojibua, xoropue bhahm npH ocBemeHHH jiHH3bi h naacTHHXH moho- 
xpOMaTHHecKHM cbctom. 3to Tax Ha3UBaeMbie Kojibua HbioTOHa. 

Kax moxcho o6i>jiCHHTb noaBJieHHe 3THK xojien c tohxh 3peHH« xopnycxy- 
napHOH TeopHH csera? ria^aa csepxy Ha jiHH3y, CBeroBbie ayHH Ha onpeaejieH- 
hux paccTOMHHHx ot ueHTpa ah 6 o OTpaxcaKrrca, jih 6 o npeaOMaaioTca h npoxo- 
A»t nepe3 ycraHOBxy. B pe3yjibTaTe Hero Mbr bhahm cncreMy cbctjiwx h tcmhmx 
xoaeu. 

Ho none My xce Ha oahhx paccroxHHax ot ueHTpa aHH3bi cbct oTpaxcaerca, a 
Ha Apyrnx npejiOMaaerca? Ha 3TOT Bonpoc HbioTOH OTBerun, hto b oahhx Mec- 
Tax CBeroBbie aynn (cBeTOBbie HacTHUbi) HcnbiTbiBaiOT «npHCTynu aerxoro 
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paxceHHfl», a b apyrax - «npHCTynbi jiencoro npejTOMJieHH«». Ho noneMy 3 to 
npoHCXO^HT, yneHbiH He Mor CKa 3 aTb. 

06 TjHCHeHHe xojibijaM HbiOTOHa 6buio jjaHo b Hanajre XIX b. Ha ochobc boji- 
hoboh xeopHH cBeTa aHrjiHHCKHM yneHbiM K>HroM. Ho 06 3 tom Mbi cxa^ceM no 3 - 
ace. ITocjie HbioTOHa KopnycKyjiflpHaa Teopwa CBeTa cTaHOBHrca o 6 menpH 3 HaH- 
hoh. B TeneHHe Bcero XVIII b. ee npwjiepHCHBajiHCb iiohth Bee 4 >h 3 hkh. 


VpoK 79. HHTep4>epeHi|HH h ee npHMeHemie 

Ifeib : o6t>«chhti> HHTep<t>epeHi;HK) h ee npHMeHeHHe. 

Xo a ypoKa 

I. OpraHHsaiiHOHHuii momoht 

II. IIoBTOpeHHe H 3 yHeHHoro 

- Hto Ha3MBaeTCfl AHcnepcneH CBeTa? 

- HanepTHTe cxeMy nojiyHeHHu c noMomuo npH3Mu cneKTpa 6ejioro 
CBeTa* KaKHe uBeTa h b KaKofi nocjieaoBaTejibHocTH Mbi HaSjiio^a- 
eM b cneicrpe? 

- B KaKHx npe^ejiax ajihh bojih 3aKJiK>4eHbi juihhm bojih bh^hmoto 
CB eTa? 

- KaKOH CBeT Ha3MBaiOT MOHOXpOMaTHHeCKHM? 

- FIoHeMy 6ejibiH cbct, npoxoA* ckbo3b npH3My, pa3JiaraeTca b 
LJB eTHOH CneKTp? 

- Jljia (J)HOJieTOBoro hjih m* KpacHoro CBeTa 6yaeT 6oJibine noxa3a- 
Tejib npejioMJieHHB BemecTBa npH3Mbi (cTeioia)? 

- KaKOH CBeT 6y#eT pacnpocTpaHATbca b BemecTBe c 6ojibineH cko- 
pOCTblO - KpaCHblH HJIH <|)HOjieTOBbIH? 

- Hto np0H30H^eT npn coe^HHeHHH Bcex cbctobux jiynen cneKTpa? 

III. H3yneHHe HOBoro MaTCpna.ia 

OneHb nacTO b cpe^e o^HOBpeMeHHO pacnpocxpaHsiOTCfl HecKojibKO 
pa3JiH4Hbix bojih. npH 6ece,ae HecKOJibKHx nejiOBeK b KOMHaTe 3ByKOBbie 
bojihu HaKJia,abiBaK)TC« apyr Ha apyra. 

CnoTKetme b npocTpancTBe bojih, npn kotopom o 6 pa 3 yeTca nocTOBH- 
Hoe bo BpeMeHH pacnpe^ejieHHe aMruiHTy^ pe3yjibTHpyiomHx miie 6 a- 
hhh, Ha3biBaeTcn HHTep(J>epeHUHeH. (JJeMOHCTpaijHJi HHTeptjiepeHUHH 
MexaHHHeCKHX BOJIH.) 

Jinx Toro HTo6bi npn HajiojKeHHH cBeTOBwx bojih Ha6jno^anacb yc- 
TOHHHBaJI HHTep({)epeHUHOHHaJI KapTHHB, Heo6xOJlHMO, 4T06bI BOJIHbl 
6bniH KorepeHTHbi, t. e. hmcjih o^HHaKOByio juiHHy bojihu h nocTosH- 
Hyio pa3HOCTb <J)a3. 
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MHTep4>epeHUHK) cBeTa y^ajiocb HaSnio^aTb c noMoujbio ycTaHOBKH, 
npe^Jio^KeHHOH T. IOhidm. Oh 6bm o^hhm H3 nepBbix, kto noHaji, hto H3 
JJByX H63aBHCHMBIX HCTOHHHKOB CBeTa HHTep<J)epeHIlHOHHaa KapTHHa He 
noiiyHHTCJL Ilo3TOMy oh nponycTHJi b TeMHyio KOMHaTy cojiHeHHbin cbct 
nepe3 y3Koe OTBepcTHe, 3aTeM c noMombio OTBepcTHa pa3,nejiHJi 3 tot 
nynoK Ha flBa. 3 th flBa nyHKa HaKJia^biBaacb ,apyr Ha apyra, o6pa30BajiH 
b uempe 3KpaHa 6e;iyio nojiocy, a no KpaaM - paj;y>KHyio. 



TaKHM o6pa30M, b ontiTe K)Hra HHTep^epeHqnoHHaa KapTHHa nojiy- 
HHjiact nyTeM aejieHHH <}>pOHTa bojihh, Hcxojjamen H3 ojihoto hctohhh- 
Ka, npH ee npoxoac^eHHH nepe3 ;iBa 6 jih3ko pacnojioaceHHbix oTBepcTHa. 
B CBoeM onbiTe K)Hr /jocTaTOHHO tohho onpe/iejinji jyiHHy cbctoboh 
BOJ iHbi: fljia KpaftHe <J)HOJieTOBOH nacTH cneiapa oh nonyHHji 3HaneHHe 
JtflHHbl BOJiHbi 0,42 MKM, J1JI51 KpaCHOTO CBeTa - 0,7 MKM. 

rioneMy B03HHKaiOT pa^yacHbie romia Ha ac4>ajihi;e hjih pa^yaoibie 
MbiJibHbie mieHKH? 

Bejibin cBeT na^aeT Ha TOHKyio rnieHKy. ^acTHHHo cbct (Bojma 1) ot- 
paacaerca ot BepxHen noBepxHOCTH njieHKH, nacTHHHO (BOjiHa 2), npoiiaa 
nepe3 niieHicy, OTpaacaeTca ot HHxcHeft noBepxHOCTH. 06e oTpaaceHHbie 
BOJiHbi ( T h 2' ) oTJiHHaiOTca pa3HOCTbio xoaa. 



Puc . 78 


EcTecTBeHHo, hto 6ojibiUHH nyTb npoi^eT BOjiHa, oTpaaceHHaa ot 
acHefi noBepxHOCTH njieHKH, xoTa pa3H0CTb xo^a HeBejiHKa. 




ypOK 79. MHmep(pepeHLiUf? u ee npuMeHeHue 


233 


EeJIMH CBeT HeMOHOXpOMaTHMeH, OH COflepHCHT OJICKTpOMarHHTHbie 
BOJlHbl pa3HOH JJJTHHbl. M3-3a TOrO, HTO pa3HOCTb XOfla 3aBHCHT OT JTJTHHbl 
bojihu, MaKCHMajibHhie HHTep(J>epeHUHOHHbie xapTHHbi ana pa3Hbix jijihh 
bojth no/rynaiOTca b pa3Hbix TOHKax npHeMHHKa. 

AHaJIOrHHHO B03HHKai0T H KO/Iblja HbFOTOHa. 



ripHMCHCHHe HHTCptJjCpeHHHH 

CymecTByioT cneunajibHbie npw6opbi - HHTep<j>epoMeTpbi, ^eficTBue 
KOTOpbIX OCHOBaHO Ha aBJICHHH HHTep(j>epeHUHH. 

Ha3HaHeHHe hx MoaceT 6biTb pa3nnHHbiM: tohhoc H3MepeHHe .zuiHHbi 
CBeTOBbix bojih, H3MCpcHHC noKa3aTejia npejiOMjieHHa ra30B h £p. 

IIpoBepKa xanecTBa o6pa6oTKH noBepXHOCTH £0 oahoh aecaTOH /uih- 

Hbl BOJlHbl, T. e* £0 10 8 M. 

HecoBepmeHCTBO o6pa6oTKH onpe^ejiaiOT no hckphbjichhfo HHTep- 
(J)epeHUHOHHbix nojioc, o6pa3yiomHXca npH oipaaceHHH cBera ot npOBe- 
paeMofi noBepXHOCTH. 

B nacTHocTH, KanecTBo uijih4>obkh jihh3m mo»cho npoBepHTb, Ha- 
6jno,nafl KOJibua HbtOTOHa. Kojibua 6y/iyT b (f)opMe npaBHJibHbix oxpyac- 
HOCTeii TOJibKO b tom cjiynae, ecjin noBepxHOCTb jiHH3bi CTporo c<j>epH- 
necicaa. JIio6oe OTciyiuieHHe ot c^epHHHocTH, 6ojibme neM Ha 0,1X, 6y- 
j\err 3aMeTH0 CKa3biBaTbca Ha 4>opMe KOJieij. 

JlK>6onbITHO, HTO HTaJIbaHCKHH (})H3HK 3. ToppHHCJIJIH (1608-1647) 
yMeji uuiH(J)OBaTb jimou c norpeuiHOCTbio ,ao 10" 6 cm* Ero jiHH3bi xpa- 
HaTca b My3ee. Bh^hmo, ToppHnejum o6Hapy*Hji HHTep4)epeHUHOHHbie 
KOjibna 3ajiojiro ^o HbiOTOHa h aora^ajica, hto hx noMOiiibio mo>kho 
npoBepaTb xanecTBo ihjih4)obkh. 

IIpocBeTjieHHafl onTHKa 

06i>eKTHBbi coBpeMeHHbix (})OToannapaTOB hjih KHHonpoeicropOB, ne- 
pHCKonu h pa3JiHHHbie /jpyrae orrmnecKHe ycTpoHCTBa cocToaT H3 6 ojib- 
inoro HHCJia onTHHecKHx ctckoji - jihh 3, npH3M. npoxo^a nepe3 TaKHe 
ycTpoHCTBa, CBeT orpa^caeTca ot mhothx noBepxHOCTefi. *Ihcjio oTpa- 
acaiomHx noBepxHocTefi b coBpeMeHHbix o6i>eKTHBax npeBbiuiaeT 10, a b 
nepHCKonax no^BO^Hbix jio^ok r o 40. IlpH naaeHHH CBeTa nepneHUHKy- 
JiapHO noBepXHOCTH ot Kaac^OH noBepXHOCTH OTpaacaerca 5-9% Bcefi 
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3 HeprHH* Hepea npnGop npoxowrr nacTO scero 10-20 % nocrynaiomero b 
H ero CBeTa. 

A™ ycTpaHeHHa sthx HenpHSTHLix nocjieflCTBHH Hano yMeHtuiHTt 
aojiio oTpaaceHHoif oHepran cBera. A aBaeMoe npnGopOM H3o6paaceHHe 
^enaeTca npH 3 tom apne - «npocBeTJiaeTca». Orcio,Ha h npoHcxonuT 
TepMHH «npocBeTjieHHe onTHKH». 

ripocBeTjieHHe oiithkh ocHOBaHO Ha HHTep<j>epeHUHH. Ha noBepx- 
hoctb onTHHecKoro cTeKJia Hanocar TOHKyio ruieHKy c noKaaaTeneM npe- 
jiOMjieHHa n n c weHtniHM n c . 

Ana Toro hto6li bojihbi ocjia 6 njiH npyr npyra /jojdkho BbinojiHaTbca 
yCJIOBHe MHHHMyM. 



Puc. SO 


B OTpaace hhom CBeTe pa3HOCTi> xojja bojih paBHa A/ = 2/w-— , 


(npoHcxo^HT noTepa —2 ). 


2kX 


YcjioBHe MHHHMyM b OTpaaceHHOM CBeTe A / = — — = kX . 


Al = 2 hn 


-=bz, 

2 


r^e n n - noKa3aTeJii> npejioMjieHHa nJieHKH; h - TOJiujHHa nneHKH. 

Orctona 2hn n -kX + — (k = 0, 1, 2 ...) . 

2 


MnHHManbHaa TOJimHHa 6y.neT npH k = 0 2hn n = — . 

npw paBeHCTBe aMiunnyn rameHHe 6yneT hojihlim. TomuHHy nneH- 
kh, cjie^oBaTejiLHO, no^GHpatOT Tax, hto6m nojiHoe rameHne npH Hop- 
MaiibHOM naneHHH hmcjio MecTO fljia .hjihh bojih cpenneH qacra cneicrpa. 


Tor^a /uia 3eneHoro uBeTa - k 




4 n T 
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JlyHH KpacHOro h (JjHOjreroBoro usera ocjia6junoTCJi He3HaHHrejitHo, 
noaTOMy o^beicTHBbi oirrHHecKHx irpnGopoB b orpaacemioM CBere hmciot 
CHpeHeBue ottchkh. 

IV. 3 aiqpenjieH 8 e H 3 yqeiinoi o MaTCpHajia 

- *fro na3i>iBaioT Hirrcp4>epCHHHeH cBera? OpH icaioix ycjiOBiwx ee Ha- 

. .* 6nio < naiOT? 

- r 05wiCHHTe HHrep^epeimHio ceera b tohkhx ruieHxax. 

- Kax 3aiiHcan> ycjioBH« o6pa30BaHH« Hirrep^epeHUHOHHUx MaxcH- 
MyMOB H MHHHMyMOB JJflX CBCTOBWX BOJIH? 

- npHBejurre npHMepu npaicnwecKoro npuMeneHHJi HHrep(|>epeHHHH 

caerra. 

J Ip Maumee aajiaHHe 

n. 67; 68. 


JIpilOJIllHTejlKHMH MSTepHaJI 

Bospo^eHHe bojihoboh TeopHH ceera 

O^Haxo see ace h b XVIII b. 6 bum ynenue, xoropue B03paacajm npoTHB 3 toh 
T eopHH. H3 KpynHbix yneHbix moxcho Ha3saTb pyccKHx axaneMHXOB M. B. JIomo- 
Hocoea h JI. 3iuiepa. 

JIomohocob CMHTan, mto cbct 3to pacnpocrpaHJiiomeecJi KOJieSarejibHoe 
ABHaceime MacTHix rxjwpa, t. e. HeomyrHMOH cpejibi, aanojironomeii Bee MHpoBoe 
npocrpaHCTBO h npoHH3WBaiomeH riopu BecoMUx Ten. 

ripomB xopnycxyjnipHOH TeopHH CBera, no JIOMOHOcOBy, roBopHT to o 6- 
crojrrejibCTBo, hto cBeroBbie Jiynn, npoxoipi nepe3 npo3panHoe tcjio c pa3Hux 
cropoH, He MeuiaioT npyr npyry. BoKpyr an Mara, nnuieT JIomohocob, moxcho 
nocraBHTb tucxhh CBeneH, rax hto tmcjihh nyHKOB csera 6yjiyr nepecexaTb npyr 
Apyra h npn 3 tom hh o;jhh jiyn He 6yneT MeuiaTb npyroMy. 3 tot (JjaxT npoTHBo- 
penHT npencraRjieHHio o tom, hto cbct - aro iiotox cbctobux nacTHu, ho oh He 
npOTHBOpeHHT BOJIHOBOH TeopHH CBeTa. riono6HO BOJ1H3M Ha BOfle, XOTOpbie 
npoxon^T nepe3 onHy h ry ace Tonxy He H3MeH*uicb, CBCTOBbie bojjhu npoxo/jaT 
nepe3 npo3panHbie Tena, He Meuiax npyr npyry. 

H 3 H3JtoaceHHoro bhjjho, hto JIomohocob yace noAXonwr k noHHMaHHio hb- 

neHHfl HHTep4>epeHHHH. 

3*tnep, rax ace xax h JIomohocob, BbicxaibiBanca npoTHB xopnycxyjtapHOH 
TeopHH csera. Oh yace othctjihbo npencraBJiaji cbct xax bojih bi, pacnpocrpa- 
HHfOlHHCCH B 3<J)Hpe. llpH 3TOM 3fijiep BnepBblC Bbicxa3an HACK) O TOM, HTO UBeT 
onpenejiaerca HacToroii xone6aHHH b cbctoboh bojihc. 

Onnaxo hh JIomohocob, hh 3itnep He cmotjih npHBJienb yneHbix Ha cropoHy 
BOJIHOBOH TeopHH CBeTa. 

B xoHue XVIII b. onTHnecxHMH HCCJienoBaHHBMH 3aHanca aHniHHCXHH yne- 
HbiH ToMac K)Hr (1773-1829). Oh npn men x saacHOH Hjjee, hto xojibua HbiOTO- 
Ha OHCHb npOCTO MOaCHO o6*bHCHHTb C TOHXH 3peHHfl BOJIHOBOH TeopHH CBeTa, 
onnpaacb Ha npHHipin HHTep<j>epeHHHH. Oh ace Bnepsue h bbcjt HaasaHHe «hh- 
Tep4>epeHHHa» (or jianiH. «inter» - B3BHMHO h «ferio» - ynapaio). 
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BecbMa BepcwjTHO, hto HHTep<j>epeHUHio ICht OTxpuA, HaSjno^aa 3 to ABAe- 
HHe JIflSI BO/pIHMX BOJ1H. Bo BCAXOM CAynae, OIIHCblBafl 3TO MBJieHHe, OH paCCMaT- 
pHBaji HHTep(})epeHUHio boaahux bojih. Oh nwcaji: «npeACTaBHM ce6e, hto Hexo- 
Topoe KOJIHHeCTBO OAHHaXOBbIX BOAAHblX BOJIH ABHACeTCA no nOBepXHOCTH TJiaA- 
Koro 03epa c HexoTopoH nocTOAHHoii cxopocTbio h nona^aeT b y3XHH xaHaA, 
Bbixo^amHH H3 03epa, npe^CTaBHM ce6e Taxxce, hto noA achctbhcm Apyron npn- 
HHHbi o6pa30Bajic« Taxon Ace pAA bojih, KOTopbiH, xax h nepBbin, aoxoaht ao 
3Toro xaHajia c toh xce cxopocTbio. Hh oahh H3 3thx p«aob bojih He pa3pyuiHT 
Apyroro, a hx achctbha cocahhatca. Ecjth ohh BCTynaioT b xaHan Tax, hto rpe6- 
hh o,hhoto pAAa coBna^aiOT c rpe6HaMH Apyroro, to o6pa3yeTca pAA bojih c yBe* 
jiHneHHbiMH rpe6HaMH. Ho ecjiH rpe6HH oahoto pa^a 6yAyT cooTBeTCTBOBaTb 
Bna^HHaM Apyroro, to ohh b tohhocth 3anoJiHaT 3 th Bna^HHbi h noBepxHOCTb 
boam ocTaHeTca rjia^xoH. £ nojiaraio, hto noAo6Hbie 3<J)(t>eKTbi hmciot MecTO 
BcaxHH pa3, xorjja noAo6HbiM o6pa30M CMeuiHBatoTca Aee nacTH CBeTa. 3 to ab- 
AeHHe a Ha3biBaio 3axoHOM h HT e p<J)epeH uh h cBeTa». 

K)ht, HcnoAb3ya aBjreHHe HHTep<})epeHUHH, o6bachha noaBJieHHe 'XOAeq 
HbioTOHa. 3th xojibua b OTpaaceHHOM CBeTe B03HHxaioT b pe3yjibTaTe HHTep(J)e- 
peHUHH A»yx Jiynen CBeTa, OTpaxceHHbix ot BepxHen h hhachch nOBepxHOCTen 
B 03 AyiUH 0 H npOCJIOHXH, 06pa30BaHH0H JIHH30H H CTeXJIAHHOH nJiaCTHHXOH. Ot 
TOJIIUHHbl 3T0H npOCAOHXH 6yACT 3aBHCeTb pa3HOCTb XOAa MeACAy yxa3aHHbIMH 
jiynaMH. B hbcthocth, ohh Moiyr ycHJiHBaTb hah racHTb Apyr Apyra. B nepBOM 
cAynae Mbi bhahm CBeTAoe xoAbqo, bo btopom - TeMHoe. 

Ecah cBeT, ocBeiqafou;HH ycraHOBxy, 6eAbiw, to 6yAyT Ha6nioAaTbCA UBeT- 
Hbie xonbqa. no pacnoAOAceHHio xoAeu juin pa3Hbix ubctob moacho noACHHTaTb 
AAHHy BOAHbl COOTBeTCTByiOmHX UBeTHbJX AyHCH. K)Hr npOAOABA 3T0T pacneT H 
onpeAeAHA A^WHy boahw ajw pa3Hbix ynacTxoB cnexTpa. HHTepeCHO, hto npH 
3TOM OH HCH0Ab30BaA A^HHUe HblOTOHa, KOTOpbie 6bIAH AOCTaTOHHO TOHHbIMH. 

K)Hr o6bacHHA h Apyrne CAynan HHTep^epeHUHH b tohkhx nAacTHHxax, a 
Taxace npOAeAaA cneunaAbHbiH onbiT no HHTep<j)epeHUHH CBeTa. 3 tot onbiT, xo- 
TopbiH, xax Mbi roBopHAH, npoBOAHA eiqe EpHMaAbAH, H3BecTeH noA Ha3BaHHeM 
onbiTa IOHra. 

B AaHHOM onbiTe Ha6AiOAaeTca He TOAbxo aBAeHne HHTep^epeHUHH, ho h 
aBAeHne AH(J)paxqHH CBeTa. Ecah 3axpbiTb oaho OTBepcTHe naAbqeM, to Ha axpa- 
He bhahw AH<|>paxuHOHHbie xoAbqa, o6pa30BaHHbie b pe3yAbTaTe npoxoxcAeHHA 
CBeTa nepe3 MaAoe OTBepcTHe. 

Pe3yAbTaTbi cbohx HCCAeAOBaHHH no onTHxe K)Hr aoaoacha Ha yneHOM 3ace- 
AaHHH JTohaohcxoto xopOAeBcxoro o6mecTBa, a TaxAce ony6AHxoBaA hx b Hana- 
Ae XIX b. Ho, HecMOTpa Ha y6eAHTeAbHocTb pa6oT K)Hra, hhxto He xotca hx 
npH3HaBaTb. BeAb npH3HaTb npaBOTy bbiboaob IOHra 03HanaA0 oTxa3aTbca ot 
npHBbIHHbIX B3rAAAOB H, XpOMe TOTO, BblCTynHTb npOTHB aBTOpHTeTa HblOTOHa. 
Ha 3 to noxa eiqe hhxto, xpoMe caMoro IOHra, He pemaAca. 

Ha pa6oTbi IOHra He o6paTHAH BHHMaHHA, a b nenaTH Aaxce noABHAacb cTa- 
Tb», coAepAcamaa rpy6bie HanaAXH Ha Hero. KopnycxyAApHaA TeopHA cseTa no- 
npeACHewy xa3aAacb HenoxoAe6HMOH. 




ypoK 80. /JufppaKLiUfi 


237 


YpoK 80 . 

Ife/iu: Ha 6 jiiOAeHHe hbjichhji AH<|)paKUHH; o 6 T> 5 icHeHHe 3 Toro abac- 

HHJI. 

Xo a ypoKa 

I. OpraHH3ai|H0HHbIH MOMeHT 

II. npoeeaeHHe caMocTOHTeJibHofi paooibi 

Bapuanm I 

1. OAHHBKOBbl J1H CKOpOCTH pacnpOCTpaHCHHJI KpaCHOrO H 4)HOJieTO- 
Boro H3JiyHeHH5i b BaicyyMe, CTetoie? (B ecncyyMe - da; e cmetaie - Hem.) 

2. rioKa3aTejib npHJioaceHHa boam npw t = 80 °C ajih pa3AHHHbix mo- 
HOxpoMaTHqecKHX Jiynefi bhahmoto H3jiyqeHH« HaxoAHTCJi b HHTepBane 
ot n t = 1,3308 ao n 2 =1,3428. KaKofi H3 3 thx noKa3aTeAen hbaactch no- 
Ka3aTejieM npejiOMJieH«5i (Jjhojictobmx jryqeH? ( n 2 ). 

3. Ot nero 3aBHCHT iZBernocTb CBeTOBbix bojih? (Om nacmombid) 

4. B HeKOTOpyio TOHKy npocTpaHCTBa npnxoAflT CBeTOBbie nyqKH ko- 
repeHTHoro H3AyneHHfl c onTHnecKoft pa3HocTbio xoAa b mkm. YcHAeHHe 
hah 6cJia6jieHHe CBeTa np0H30HACT b 3toh TOHice, ecAH AJiHHa boahm 
paBHa 500 hm, 480 hm? ( YcwieHue , ocnad/ienue.) 

5. M3AynaK)T ah oOMHHbie hctohhhkh CBeTa KorepeHTHbie boahm? 
(Hem.) 

6. KaxoB xapairrep CBeTOBbix boah? (Honepenubie.) 

7. rioBepxHOCTb boam ocBemeHa KpacHbiM cbctom, y KOTOporo AJiHHa 
BOAHbl X = 0,7 MKM. KaKOH UBeT yBHAHT MeAOBCK, OTKpbIB TAa 3 a nOA BO- 
AOH? KaK H 3 MeHHTCH AJIHHa BOAHbl? (KpaCHblu; yMehblUUmCR.) 

8. J\nn npocBeTAeHHfl oiithkh Ha noBepxHocTb onTHnecKoro CTeKAa 
HaHOcaT TOHKy lo npo3paHHyio nAeHKy c noKa3aTeAeM npeAOMAeHHA... 

((» M < n c ) •) 


Bapuanm II 

1. MoryT ah ABe pa3H0UBeTHbie CBeTOBbie boahm, KpacHoro h 3eAe- 
hoto H3AyneHH5i, hmctb OAHHaKOBbie aahhm boah? (Moeym, ecjiu pac - 
npocmpaHfuomcn e pa3JimHbix cpedax.) 

2. KaKHe CBeTOBbie boahm Ha3biBaK>TCH KorepeHTHbiMH? (HMewu^ue 
oduuaKoebie nacmombi .) 

3 . KaK mchactca nacTOTa (})HOAeTOBoro H3AyneHHA npH nepexoAe Ay- 
na H3 BaxyyMa b BOAy? (He MewiemcR.) 

4. 06beKTHB c npocBeTAeHHOH ohthkoh b OTpa^KeHHOM CBere HMeeT 

CHpCHCBblH OTTeHOK. 03HaHaeT AH 3T0, HTO KpaCHbie H (JlHOAeTOBbie Ay- 
hh, Aaiomne (J)HOAeTOBbiH orreHOK, He npoxoAHT nepe3 o6beKTHB? pipo- 
xodnm, ocjiadjwxcb ne3HaHumejibHo.) 
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5. J\nn Hero b oiibrre no paanoAcemno CBera b Kanecnrae HCTOwmica 
csera Geperca y3Kaa CBeramaacfl mean.? {^modbi nojiynueuiuecn ifeem- 
Hbie nojiocbt He omwiadbieanucb dpyz na dpyea .) 

6. t Iepe3 npH3My cMorpjrr Ha 6ojn»myio Genyio creHy. Eyaer jih 3Ta 
creHa OKpaineHa b cbct cneicrpa? {Hem.) 

7. Bto H£L3bi BaeTca AHcnepcHen? 

8. flu* npOCBCTJICHHOH OfTTHKH Ha nOBepXHOCTb OIlTHHCCKOrO CTCKJia 
nanocHT TOHicyio npo3panHyio iuietuca c noKa3arejieM npcjiOMJiemw. . . 
((»„<»,).) 

III. ll3yHeHHe Hoeoro MarepHaJia 

BnepBwe AH^paKiguo CBera HaGmoAan htujibhhckhh yneHUH 
O. rpHMajn»AH b cepeAHHe XVII b. B y3KHH nynoK csera IpuMajibAH 
noMeman paanHHHue npeAMeru, b naemocTH tohkhc hhth. IlpH 3tom 
Tejio Ha 3icpaHe oicaaajiocb umpe, «ieM 3to aojdkho Gutb comacHO reo- 
MerpHHecKOH oriTHKH. KpoMe Toro, no o6e cropoHU tchh o6Hapy>KHBa- 
jiHCb uBeTHbie nonocu. 

JfeMOHcmpaqujt diuppaxuuu cynKUM 3KpaHOM 

3KpaHOM cJiyxuT TOHKaa npOBOAOica (AHaMerp 0,1 mm), raaAKasi ica- 
npOHOBafl HHTb, BOJIOC. npOBOJIOKa, HHTb HJ1H BOJIOC HaTHTHBaiOTCJI Ha 
AepeBHHHyK) hjih KapTOHHyio paMicy. Hctohhhkom CBera cnyncHT jiaMna 
npoeKTOpa. /jHffjpaiojHOHHafl xapTHHa BHAHa Ha 6enoM nepeHocHOM 3K- 
pane, pacceHBaiontHM cbct. B cepeAHHe AH<t>paKimoHHOH KapTHHU bcc- 
rAa o6pa3yeTca CBeniaa nojioca. IlpH ocBemenHH GenuM cbctom 3ra 
CBernaa nojioca aBjiaerca Gcjioh. Ecah mcaachho H3Menjm> paccTOMHHe 
AO HcroHHHKa, mohcho Ha6nfOAaTb CMeHy nempaAbHOH CBernoH nonocu 
Ha xeMHyio- 

/iH^paKUHK) C(f)epHHCCKHX BOAH npHHATO Ha3IJBaTb AH cJjpaKUH eif 
0peHeAA. 

JJufppaKi^UH ho KpyeJioM omsepcmuu 

HerpyAHo oueHHTb HHTeHCHBHocTb CBera b uempe AH<t>paiauiOHHOH 
KapTHHbl B 3aBHCHMOCTH OT paAHyCa OTBCpCTHJl (CM. pHC. 8 1 ). J \ AA 3TOrO 

HyncHO npoBecTH c(J)epy c uempoM b tohkc A , rae pacnonoaceH hctoh- 
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3aTeM nocTpoHTe 30Hbi OpeHejia h nocMOTpHTe, ckojibko 30h yioia- 
flbreaeTca b oTBepCTHH. MaKCHMyM aMnjiHTy^u KOJie6aHHH b TOHKe B 
3KpaHa, a 3HanHT h MaKCHMyM hhtchchbhocth 6yaeT npH o^hoh nojiHo- 
CTbK) OTKpbITOH 30He. IIpH flByX OTKpbITbIX 30HaX OpeHeJIH B TOHKe B 
Hafijiio.ziaeTca MHHHMyM h B03HHKaer TeMHoe iijitho. 

Bcer^a npH hcthom HHCJie oTKpbiTbix 3 oh OpeHejia b TOHKe B 6yaeT 
MHHHMyM, a npH HeneTHbix MaKCHMyM. Ecjih hhcjio 30h, yKJia^bmaio- 
IIXHXCa B OTBepCTHH, BeJlHKO, TO 3KpBH He BJ1HHCT Ha HHTeHCHBHOCTb CBe- 
Ta B TOHKe B. 

JIio6onbiTHbiH cjiynan npoH3oineji Ha 3ace^aHHH OpaHuy3CK0H axa- 
^eMHH HayK b 1818 r. IIpHcyTCTByiomHH Ha 3ace,zjaHHH H3BecTHbin 4 >h- 
3hk C. IlayccoH oSparan BHHMaHHe Ha to, hto H3 TeopHH OpeHena bm- 
TexaeT <})aKT, jibho npoTHBOpenamHH 3,npaBOMy CMbicny. 3a MajieHbKHM 
Henpo3paHHbiM .zihckom ^ojdkho HaxoflHTbCH CBeTJioe iijitho b ueHTpe 
TeHH. KaxoBo >Ke 6biuo y^HBJieHHe yneHbix, Koraa TyT ace nocTaBJieHHbie 

Aparo 3KcnepHMeHTbi ^0Ka3ajiH, hto Tax h ecTb Ha caMOM ^ejie. 

l panunbi npueMjieMocmu zeoMempunecKOu onmuKu 

d 2 

Ecjth HaSjuo.aeHHe Be^eTca Ha paccTOHHHH 1 > — , me d - pa3Mep 

X 

npe^MeTa, to HanHHaioT npoaBJiHTbca bojihobhc cBOHCTBa CBeTa. Hh- 
Tep4)epeHUHajibHbie KapTHHH ot pa3JiHHHbix tohck npe^MeTa nepeKpbi- 
BaiOTCJi, h H3o6pa5KeHHe cMa3UBaeTC5i, no3TOMy npn6op He BbmejiaeT 
OT^ejibHbie ^eiajiH npe^MeTa. .HH^paKinw y cTaHaBjiHBaeT npe/jeji pa3- 
peuiaioineH choco6hocth jno6oro onTHnecKoro npn6opa. Pa3pemaK>maji 
cnocodHOCTb rjia3a npH6jiH3HTejibHo paBHa yrnoBOH MHHyre: 


/l 



rae D - anaMeTp 3panxa; TejiecKon - a « 0,02" ; mhkpockoii - yBe- 
jiHneHHe He 6ojiee 2* 10 3 pa3. 

MOXCHO BH^eTb npe^MeTbl, pa3MepbI KOTOpbIX COH3MepHMbI c ajihhoh 
CB eTOBOH BOJIHU. 

IV. 3aKpenjieHne H3yneHnoro MaTepHajia 

- ^to Ha3biBaeTca ^H(j)paKUHeH CBeTa? IIpH kbkhx ycjiOBHax OHa Ha- 
6jiioAaeTCH? 

- C(J)opMyjiHpyHTe h noacHHTe npHHunn noftreHca. Hto mohcho on- 
pe^eJiHTb c ero noMombio? 

- IlonbiTaHTecb Ha ocHOBe npHHunna Y lonreHca oS'bacHHTb ,HH(j>paK- 

UHK) BOJIH. 

- B neM cymHOCTb npHHUHna noftreHca-OpeHejifl? 

- Kax BurjiaflHT ,zjH<j)paKHHOHHafl KapraHa? 
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JXoMauiHee 3a^aHHe 

n. 70-7 1. 


J],onoj]HHTejibHbiif MaTepnaji 

Bopb6a 3a npH3HaHHc bojihoboh tcophh CBeTa 

OpeHejTb He cjiynaiiHO b nepBbix cbohx pa6oTax o6ouieji Bonpoc o nojiapH- 
3auHH CBeTa. Be;ib, paccMaTpHBa5i CBeTOBbie BOJiHbi xa k bojihm b oiJiHpe, <Ppe- 
Hejib CHHTaji hx npo^ojibHbiMH. 3(J)Hp - 3 to oneHb TOHKaa MaTepHji, oh no,ao6en 
oneHb pa3pe*eHHOMy B03nyxy. A b B03/jyxe, xax yxce Bee 3Hajm, MoryT pacnpo- 
CTpaHXTbcx TOJibxo nponojibHbie BOJiHbi, HanpHMep 3ByxoBbie, T.e. crymeHHH h 
pa3pe>xeHHji B03AyiHHoft cpeqbi. B 3ByxoBbix BOJmax Hnnero no^o6Horo HBJie- 
hhk) nojuipH 3 auHH He Ha 6 jiK>AaeTC 5 i. 

Ecjth 6bi, KOHenHO, nojuipH3auHji CBeTa He 6biJia eiqe H3BecTHa, to Bonpoc o 
bojihoboh npHpoae CBeTa peiimTb 6biJio 6bi npoiqe. Ho HBjieHHe noji«pH3auHH 
CBeTa 6buio oTxpbim 

^aTCKHH 4>H3HK BapTOJiHH eiqe b XVII b. Hccjie^oBan JiBJieHHe ^bohhoito Jiy- 
nenpeJioMJieHHa. Oh Ha6jnoqaji, hto ecJiw Ha KpHCTajui HCJiaH^cxoro iunaTa na- 
^aeT jiyn CBeTa, to oh npn npejiOMJieHHH pa3^BaHBaeTCB. Ecjth CMOTpeTb Ha to- 

HeHHblH HCTOHHHK CBeTa Hepe3 3TOT KpHCTajIJI, TO M 03 KH 0 yBHfleTb He O^HH, a flBa 
T3KHX HCTOHHHKa. 3 t 0 JiBJieHHe 3aBHCHT OT OpHCHTaiJHH KpHCTaJIJia OTHOCHTeJIb- 
ho Jiyna. 

B xpHCTajuie ecTb HanpaBJieHHe, no xoTopoMy pa3jiBaHBaHHe Jiyna He nponc- 
xoflHT. 3 to HanpaBJieHHe Ha3biBaeTca onTHnecxoii ocbio xpHCTajuia. 

ilBJieHneM ^BOHHoro jiyHenpejiOMjieHHH b Hanajie XIX b. 3aHHTepecoBaJicji 
<J)paH4y3CKHH HHXceHep Majnoc. Hccjie,nyH 3 T 0 BBJTeHHe, oh o6Hapy>KHji, hto 
ecjiH CMOTpeTb nepe3 KpHCTami HCJiaH^cxoro uinaTa Ha H3o6pa>xeHHe CojiHqa b 
cTexjie, to npn o^hhx nojioxceHRax ororo xpHCTajuia bh^ho ^Ba cojmqa, a npH 
onpe^eJieHHOM noJioaceHHH crexjia h xpHCTajuia ojiho h 3 H3o6pa>xeHHH nponana- 
er, Aaace ecjiH CBeTOBbie jiynH HanpaBJieHbi He Bjjojib onTHnecxon och. 

MaJlIOC 6bIJI CTOpOHHHKOM KopnycicyjiHpHOH TeopHH CBeTa h c tohkh 3 peHHa 
3 toh Teopnn nonbrrajicji oObjicHHTb Ha6jnoqaeMoe aBjieHHe. 

Oh paccyxc^aji Tax: CBeTOBbie nacTHUbi He abjuiiotcji uiapnxaMH. Ohh no- 
^o6ho MarHHTaM hmciot nojiiocbi. B o6mhhom cBeTe 3 th nacTHUbi jictht, 6y^yHH 
OpHeHTHpOBaHbl B npOCTpaHCTBe XaOTHHHO. npH OTpaXCeHHH xce OT CTeXJia HJIH 
Boqbi ohh xax 6bi copTHpyioTca. O^hh, y xoTopbix nojiiocbi OpHeHTHpOBaHbl 
onpeaejieHHbiM o6pa30M, npejiOMJunoTC», a npyrwe, opHeHTHpyeMbie nnane, 
oTpascatOTca. npH onpeqejieHHOM yrjie najieHHJi 3ra coprnpoBKa 6y.neT Haw6ojiee 
nojiHOH. H b 3tom cjiynae OTpaxceHHbie CBeTOBbie nacTHUbi 6y^yT OpHeHTHpOBa- 
Hbl Bee b oqHOM HanpaBjieHHH. B 3Tom cjrynae oTpajxeHHbiil cbct 6y.neT nojmo- 
CTbio nojixpH 30 BaH. Majnoc h Ha3Ban 3 to BBJieHHe nojmpH3auHeH. Cjiobo «no/ui- 
pH3auHJi» oh npH^yMaji Hcxoqa H3 H^en o tom, hto nacTHqbi CBeTa hmciot no- 
jnocbi. 

llocjie OTxpbiTHa Mamoca cTajin ycnjieHHO H3ynaTb BBJieHHe nojnrpH3auHH 
CBeTa. EbiJi BbiBCHeH uejibin pan cbohctb noji«pH30BaHHoro CBeTa. OnHaxo yne- 
Hbie Bce-Taxn nbiTajiHCb o6i>jiCHHTb 3 to xBjieHHe c tohkh 3peHHB xopnycxyjuip- 
HOH TeopHH. 
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Co3,qajiocb TaKoe noAoaceHHe, Kor^a lOHr h OpeHeiib npexpacHO oe^acHHAH 
jiBJieHHe HHTep(j)epeHUHH h AH(|)paxuHH, nojit3y»Cb npe^cTaBJieHHaMH o bojiho- 
boh npHpoAe CBeTa, ho He MorjiH o6i>acHHTb nonapH3aijHio CBeTa. 

Pa3AyMbiBaa HaA abachhamh noAapH3auHH h abohhoto AynenpeAOMAeHHa, 
K)Hr h OpeHenb npHuuiH k y 6 eacAeHHio o hcoSxoahmocth cHHTaTb CBeTOBbie 
BOJiHbi He npoAOJibHbiMH, a nonepeHHbiMH. C noMombio 3toh rHnoTeabi <2>peHeAb 
HCCJie^oBan yxa3aHHbie abachha h pa3pa6oTan TeopHio npoxoacACHHa nonepen- 
Hbix boah Hepe3 aboako npejioMjunomee Tejio. Ho Bee ace rwnoTe3a o nonepen- 
HOCTH CBCTOBblX BOJIH BbI3BaJia MHOrO B03paACCHHH. 

^eficTBHTejibHo, yace 6buio h3bcctho, hto nonepeHHbie boahm MoryT cyme- 
CTBOBaTb H paCnpOCTpaHJITbCJI TOJTbKO B TBepflbIX Tejiax. rioaTOMy 3(j)Hp HyACHO 
6biJio paccMaTpHBaTb xax TBepAoe TeJio. Ho 3<J)Hp BeAb oneHb «TOHxaa cpeAa», 
ropa3Ao 6ojiee «TOHxaa», HeM B03Ayx. Oh He 0Ka3biBaeT HHxaxoro conpoTHBJie- 
HHA ABHACeHHIO B HeM TeA. IIjiaHeTbl, HanpHMep, ABHACyTCA B 3(j)Hpe, He HCnblTbl- 
Baa HHxaxoro conpoTHBJieHHJi. Kax ace moacho CHHTaTb 3(|)Hp TBepAWM tcaom? 

EoJibiue Toro, Bcaxoe Tejio o6jiaaaeT ynpyrocrbio no OTHomeHHK) k cacaTHio. 
A 3To 3HBHHT, hto b HeM MoryT pacnpocTpaHATbca BOJiHbi cacaTHA h pa3peaceHHa, 
T.e. npoAOJibHbie boahu. CjieAOBaTejrbHo, b xaacAOM TBepAOM Tejie MoryT bo3hh- 
xaTb h npoAOJibHbie h nonepenHbie boahu. Ecjth TOAbxo npH3HaTb, hto Tejio 
ABAAeTCA a6cOAK)THO HeCHCHMaeMblM HAH a6cOAfOTHO TBepAbIM, TO B HeM AOAHC- 
Hbl OTCyTCTBOBaTb npOAOAbHbie BOAHbl. CAeAOBaTeAbHO, 3<J)Hp HyACHO 6bIAO 6bl 
paccMaTpHBaTb He TOAbxo xax TBepAoe tcao, ho h xax a6coAK>THO TBepAoe tcao. 
Taxon 3<j)Hp, KOHeMHo, npeACTaBHTb ce6e 6wao TpyAHO. 

OAHaxo nocTeneHHO, HecMOTpa Ha Bee TpyAHoerw, ctoabiuhc nepeA rnnoTe- 
30H o nonepeHHOCTH cBeTOBbix boah, boahobaa TeopHJi CBeTa Hanana noSeacAaTb 
H BbITeCHATb XOpfiyCXyAApHyiO TeopHio CBeTa. 

HoBbie HCCAeAOBaHHB HHTep^iepeHUHH h AH(j>paxuHH CBeTa, b nacTHOCTH 
H3o6peTeHHe AH(J>paxuHOHHOfi peiueTKH, Bee 6oAbiue h 6oAbine noATBepacAaA h 
3Ty TeopHio. Bee 6oAbiue yneHbix nepexoAHT Ha CTopoHy boahoboh TeopHH CBe- 
Ta. MoacHO CHHTaTb, hto k 40-m rr. XIX b. boahobaa TeopHA CBeTa CTaHOBHTCa 
o6menpH3HaHHofi. 

Mto ace xacaerca TeopHH 3<j)Hpa, to HaA nocTpoeHHeM ee 6 HAHCb MHorae 
yneHbie. Ho hhkto H3 hhx He Mor noAyHHTb yAOBAeTBopHTeAbHbix pe 3 yAbraToe; 
hhkto He Mor cocTABHTb yAOBAeTBopHTeAbHoro npeACTaBAeH Ha o Taxon cpeAe, B 
kotopoh MoryT cymecTBOBaTb TOAbxo nonepewHbie boahu, oSAaAaiomHe cboh- 

CTBAMH CBeTOBbIX BOAH. 

B J 864 r. MaxcBeAA BbicKa3an rnnoTe3y 06 3AexTpoMaraHTHOH npHpoAe 
CBeTa. CnycTA noHTH AaaAUaTb act Tepu noATBepAHA ee Ha onbiTe. FIocAe 3 Toro 
nepeA 4 >h3hxamh BCTana npoSneMa nocTpoHTb TeopHio 3<j)npa, KOTOpaa AasaAa 
6 u oStaCHCHHe 3ACKTpH4eCXHM H MarHHTHbIM aBAeHHAM, a 3HAHHT H OnTHHe- 
CKHM. 

yneHbie aoato TpyAHAHCb HaA 3 toh npofrrreMOH, npeAAara a pa3AHHHbie mo- 
AeAH 3 toh rnnoTeTHHecKOH cpeAbi. Ewao co3AaHO MHoro TeopHH, ho hh OAHy H3 
HHX He npH3H3AH yAOBAeTBOpHTCAbHOH. 3(J)Hp yCKOAb3aA OT nonbITOK (j)H3HKOB 
nocTpoHTb ero Teopmo. 

IIoaBHAOcb Aaace MHeHHe o HeB03MoacHocTH nocTpoeHHa Taxoti TeopHH. Tax 
npOAOAacaAOCb AO B03HHXH0BeHHa TeopHH OTHOCHTeAbHOCTH, KOTOpaa npHBeAa X 
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ho bum npeflCTasjieHHflM o cymHOCTH ajieKTpoMarHHTHbix, a BMecTe c 3thm h 
OnTHHeCKHX XBJieHHH. 


ypoK 81. JlaGopaxopHafl pa6oTa 
no TeMe «Ha6jnoAeHHe HHrcp^epeHUHH h AH^paKunn cBera» 

Odopydoeanue : ruiacTHHbi cTeioiflHHbie - 2 hit.; jiocKyTbi xanpoHo- 
Bbie hjih 6aTHCTOBbie; 3acBeHeHHaa <})OTOiuieHKa c npope3bio, caejiaHHOH 
jje3BneM 6pHTBbi; rpaMnjiacTHHKa (hjih ockojiok rpaMiuiacTHHKH); urraH- 
reHUHpKyjib; jiaMna c npaMoii HHTbio HaKajia (o^Ha Ha Becb KJiacc). 

Xoa ypoica 

Hadntodenue unmep^epem^uu 

1. CTeKJiHHHbie nnacTHHbi TmaTeubHo npoTpHTe, cjioacHTe BMecTe h 
co^KMHTe najibuaMH. 

2. PaccMOTpHTe njiacTHHbi b oTpaaceHHOM CBeTe Ha tcmhom fyoue 
(pacnojio>KHTL hx Haj;o Tax, hto6bi Ha ncmepxHocTH cTeioia He o6pa30Ba- 
JlHCb CJ1HUIKOM HpKH 6jihkh ot okoh hjih 6ejibix CTeH). 

3. B oTAeJibHMx wecTax conpHKocHOBeHHH ruiacTHH Ha6juo/jaHTe ap- 
K«e pa^yacHbie KOJibueo6pa3Hhie hjih HenpaBHJibHOH (JjopMbi nonocbi. 

4. 3aMeTbTe H3MeHeHim <}>opMbi h pacnojioaceHHfl nojiyneHHbix hh- 
Tep(j)epeHij[HOHHbix nojioc c H3MeHeHHeM HaacHMa. 

5. rionbiTaHTecb yBH^eTb HHTepetJjepemiHOHHyio KaprHHy b npoxo- 
AHmeM CBeTe. 

Hadiuodenue <)u(ppaKpuu 

1. YcraHOBHTe Me^y ry6KaMH uxraHre HUHpKyjiH mejib niHpHHOH 0,5 mm. 

2. IlpHcraBbTe meJib BnJiOTHyio k rna3y, pacnojioacHB ee BepTHKaJibHo. 

3. Cmotph cKB03b mejib Ha BepTHKajibHo pacnojioaceHHyio CBeT«- 
myiocx HHTb jiaMnw, Ha6;noAaHTe no o6e ctopohm hhth pa#y>KHbie no- 
jiocw (AH^paKAHOHHbie cnemrpbi). 

4. H3MeH«ji iiiHpHHy mejiH ot 0,5 ao 0,8 mm, 3aMeTbTe, xax 3 to H3Me- 
HeHHe BJiwieT Ha AH<J>paKUHOHHbie cneiopbi. 

5. Ha6jnoAaHTe AH<|)paKiiHOHHbie cneiopbi b riponcxojptmeM CBeTe c 
noMoiubio JiocKyTOB xanpoHa hjih GaracTa, 3acBeneHH0H (JjOTOiuieHKH c 
npope3bio. 

6. IlpoBeAHTe HaGjHOAeHHe AH<J)paKUHOHHoro cneKTpa b OTpaxceHHOM 
CBeTe c noMombio rpaMiuiacTHHKH, pacnojioxcHB ee ropH30HTajibHO Ha 
ypOBHe rjia3. 

JloMauiHee 3a£aHHe 

n. 68-71. 
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ypOK 82. ^Hi^paKUHOHHaii pemenca 

llejit: paccMOTperb npajauHecKoe irpHMeneiiHe AH^paKUHH ceera. 

XoAypoica 

I. OpraHmauHOHUUH momcht 
XL Auajim 3KcnepHMeirra 

BafijuojteHHe AH^paKqiiH caera 

OdopydoeoHue : jie 3 BH«, hctomhhk ceera, ruiemca c OTBepcnwMH 

pa 3 noro AHaMerrpa, rpaMiuiacnoiKa, KOMiiaicr-AHCK, nojiocica Kanpona. 

1. Ha6jnoAeHHe. 

Ckbo 3 e> sepTHKajibiiyio ueji b, o 6 pa 30 BaHnyio JwyMA jtc 3 bhhmh 6 pHT- 
BH, Ha6jno,aaHTe hctomhhk CBera. 

- Mo 5 Kho jih 3aMeTHn» paa^ejieHHe ceeroBoro noroKa Ha jihhhh? 

- MhOID JIH 3 THX JIHHHH? 

- Kaxoro ohh ueera? 

- MeM HBJunoTCs OKpameHHue cbctobuc jihhhh: MaKCHMyMaMH 
HJIH MHHHMyMaMH HHTCp 4 >epeHHHOHIlOH KBpTHHM? 

- IIoneMy npOHcxoAHT pauioKCHnc Gejioro cBera b cnempe npw 

ITpOXOTKJieHHH HM UICJ 1 H? 

- HjMeHaeTCJi jih Ha 6 jnoAaeMaii KapTHHa, ecjm pa 3 Mep mejw yBe- 

JlHMHTb? 

2 . BunojiHHre HafimoAenne AH(()paKia<H Ha KpyraoM oTBepcrHH. 

- HeM arjiHMaeTCB bha nojiyHeHHOH KapTHHu ot xapTHHu AH^paK- 
uhh Ha meiiH? 

- /(oKaacHTe, MaxcHMyM hjih MHHHMyM HaGjnoAaeTca b ueinpe 

KapTHHU. 

BunojiHHre npHMepHUH pucyHOK Ha 6 jnoAaeMOH xapTHHu. 

3. CpaBHHTe AHtJjpaKiXHOHHue KapTHHu, nojiynaeMue c noMomuo 
noJiocKH Kanpoiia, mbcth rpaM ruiacTHH kh hah KOMnaxT-AHCKa. CACJiawTe 
CXCMSTHMeCKHe pHCyHKH. 

ID. MryseHHe hoboio MaTepuaJia 

,HH(J)paKUHOHHaB pemenca npeAcraBJiaer co 6 oh coBOKynHocrb 6 ojh»- 
moro HHCJia y3KHX mejien, pa3ACJieinnjx Henp03paMHUMH npOMexcynca- 
mh. Xopomaa pemenca raroraBJiHBaeTCJi c iiomoiubio cneiwajibHOH m~ 
jiHTejibHOH MauiHHu, HaHoaimeH Ha crreKJiftHHOH ruiacTHH xe napajuiejib- 
mae tinpHXH- KojiHHecTBO nnpHXOB aoxoaht ao hcckoalkhx tucbm Ha I 
MM. npOCTM B H3rOTOBJieHHH IUiaTHHOBbie OTTieMaTKH C T3KOH pCIIICTKH, 
32DKaTue Me>KAy AByMa creKJWHHUMH ruiacTHHKaMH. HanjiyqmHM Kane- 
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ctbom oOaaaaiOT OTpaacaTeabHue pemeTKH. Ohh npeacraBaaiOT co6oh 
nepe^oBaHHe ynacTKOB oTpaacatomnx cbct h pacceHBaiomHX ero. 

IlepHoa pemeTKH: 

d = a + b , 

rae d - nepnoa pemeTKH; a - iunpHHa npo3paHHwx meaen; b - iiih- 
pHHa Henpo3paHHbix meaefi. 



riycTB Ha pemeTKy naaaeT naocKaa MOHoxpoMaTHHecKaa BoaHa aan- 
HOH X. BTOpHHHBie HCTOHHHKH B meaflX C03Aai0T CBeTOBbie BOaHbl. Pa3- 
HOCTb xoaa Meacay BoaHaMH paBHa aaHHe AC. Ecan b 3tom OTpe3Ke yK- 
aaawBaeTca ueaoe nncao aaHH BoaH, to BoaHbi ot Bcex meaen 6yayT 
CKaaabraaTbca, ycHaHBaa apyr apyra. 

H3 AABC AC = ABsin (p = d sin (p . 

MaKCHMyM 6yaeT HaOaioaaTbca npn ycaoBHH: 

ds\n(p = kk, k- 0,1,2... 

Haiim pecHHUbi c npoMeacyTKaMH Meacay hhmh npeacTaBaaioT rpy- 
6y\o aH(J)paKUHOHHyio pemeTKy. no3TOMy ecan CMOTpeTb, npHiaypHBa- 
acb, Ha apKHH hctohhhk CBeTa, MoacHO o6Hapya<HTb paayacHbie UBeTa. 
JIa3epHbm aHCK noao6eH OTpaacaTeabHOH an(j)paKUHOHHOH pemeTKe. 

IV. PeuieHHe 3aaan 

3adana M 1 

Ha KaKOM paccTOHHHH ot an(J)paKUHOHHOH pemeTKH HyacHo nocTa- 
BHTb 3KpaH, hto6u paccTOHHHe Meacay HyaeBbiM MaKCHMyM h cneKTpoM 
neTBepToro nopaaKa 6biao paBHo 50 mm, anHHa BoaHbi 5-10" 7 m, nepwoa 
pemeTKH 0,02 mm. 
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flaHo: 
k = 4; 

/ = 510“ 2 m; 
A = 5-10' 7 m; 
d = 2-1 0 _s m. 
x-1 



d sin (p = kX . 


BC l i 

HaAABC sin® = = , AC 2 = AB 2 + BC 2 , AC = ^AB 2 +BC 2 , 

V AC AC 


sin (p = 


kX kX 


sTITT d = 7777 


>X = 


l 2 (d 2 -k 2 X 2 ) 

k 2 X 2 


x = 0,5 m. 

( Omeem : x = 0, 5 m.) 


3adana M 2 

Haimi HaH6ojiBUiHH nopa^OK cneicrpa KpacHOH jihhhh jihth* c /uih- 
HOH BOJIHU 671 HM, eCJIH IiepHOA ^H(})paKUHOHHOH peiUeTKH 0,01 MM. 


XUho: 

X - 6 , 7 1 - 1 0 -7 M 
d = 10' 5 M. 


Peuiemie: 

d sin (p = kX . 

, dsinl 

k = h oyaeT MaKCHMajibHWM, ecjiH 


sin^ = l => k mzx 


d_ 

X 


= 15. 


0 Omeem : k max =15) 


3adana M 3 

npH noMomn ^H(J>paKUHOHHOH peuiCTKH c nepHoaoM 0,02 mm nojiy- 
neHo nepBoe aHtfjpaiajHOHHoe H3o6pa>KeHHe Ha paccTOAHHH 3,6 cm ot 
neHTpajibHoro h Ha paccTOAHHH 1,8 ot pemerKH. Haihn ^jiHHy cbctoboh 

BOJIHM. 


^ano: 

d = 2 10“ 5 m; 
k= 1; 

/, = 3,6*10 -2 m; 
/ = 1,8 M. 

X-? 


PeuieHHe: 



d sin <p = kX ; X = 


d sirup 


Puc. 84 
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BC 

PaccMorpHM \ABC: tg<p = 

AB 


l ± 
l ‘ 


Tax KaK / » /j y to npH Majiux yniax tgl « sin (p . 

0,4m™. 

k kl 


(Omeem: X = 0,4 mkm.) 

,5 OMfliDHee la^aHHe 

n. 72. 

P - 1064; P- 1066. 


^OnOJIHHTejKbBUH MHTepHaJl 

HccjieAOBaHHfl Opeiicjia no mnep^epeinQia h AH^paKtwit cum 
OpaHl|y3C»CHM HHXCCHCp, CI^BUIHM BnOCJICACTBHH 3HaMeHHTUM <j)H3HICOM, 

OnocreH OpeHejib (1788-1827) HanaJi 3aHHMaTbc» HiyMCHHCM bbjichhh Hirrep- 
4>cpeimHH h AH<})paKMHH c 1814 r. Oh He 3«aji o pa6orax K>Hra, ho hoaoOho eMy 
yBHAeJi b 3thx HBJieHHflx AOKa3aTenbcTB0 bojihoboh TeopHH csera. 

B 1817 r. Akbacmrs nayx Opanunn o&bBBHJia KOHicypc Ha jiynuiyio paSoTy 
no AHi})paKUHM cseTa. OpCHCJib peuinn ynacrBOBaTb b ttom KOHicypce. Oh Hanw- 
caji paGoiy, b KoropoH huiojkha peaynbraTU cbohx nccneAOBaHHH, h nanpanmi 
ee b AicaAeMHio Hayic b 1818 r. B 3 toh pafikxre Opencnb h3jioxchji psA cjiynaea 
HHrep4>epeHUHH ceera, Koropue oh nccjieAOBaji. B nacTHOCTH, oh onncaji onwT 
no HHrep<t)epeHUHH CBera npn npoxoxcaeHHH nepe3 rbc cocAHHCHiibJe BMecrc 
npH3Mu, TaK HaiwBacMaH 6nnpH3Ma <t>penejis. 

OnuT OpeHCJiji bcho noKa3bieaeT cjiynaH HH*rep4>epeHUHH ot Aeyx hctohhh- 
kob CBera. C noMOmtio aroro onbiTa OpeHenb nOACHHraji AJiHHy bojihu ajib 
xpacHoro ceera. FlpH 3 tom oHa nojiynnnacb paBHoir ajihhc bojihu an * KpacHoro 
ceera, onpeAeJieHHOH H3 Apynrx onbrroB. 

OcHOBHOe xce BHHMaHHe b cbooh pa6oTe ^peHejib yAejmji onuraM no ah- 
(JjpaxuHH csera, ajm KoropoH pa3pa6oTaji cneunajibHyio neopHio. 3ra Teopmi 
ocHOBbiBanacb Ha ycoBepmeHcrsoBaHHOM npHHUHne riowi'enca, Koropuif b no- 
caeAyiomeM cran Ha3bmaxKca npHiuiHiiOM Y lOHreHca - OpeHejis. 

no TioHreHcy, icax mu bhacjih Bbime, BOJiHoayio noeepxHoerb b A3Hhi>ih 
MOMCKT BpCMeUH / M03KH0 paCCMaTpHBaTb KHK OrH6aK)IHyK) BCCX C<J>epHHeCKHX 
BOJIH, HCTOHHHKaMH KOTOpbIX HBJIJUOTCfl BCe TOHKH BOJIHOBOH HOBepXHOCTH B 
6onee paHHHH, npe/iuAyiUMH momcht bpcmchh Iq. 

Tlo OpeHenio, 3HareHne aM runny au cbctoboh bojihu b khkoh-ahOo ronxe 
npocrpaHCTBa b momcht BpcwcuH / mojkho paccMarpHBarb icax pe3yjibTar Hrrrep- 
(JrepeHUHH acex c<j>epHHecKHx bojth, hctohhhkamh KOTOpux hbjuuotoi ece tohkh 
BOJIHOBOH nOBepXHOCTH B 6oJiee paHHHH, IipCJI.blAyiU.HH MOMeHT BpCMCHH Iq. 

Openejib, Hcnojib3yn 3 tot npHHwm, HCCJieAOBaji pa3Hue cnyHaw ah^PAkuhh 
h pacCHHTaji pacnoJiojxeHHe nojioc AA» 3 thx CJiynacB. 

Tare, oh paccMOTpeji npoxoxcAeHne CBera nepe3 ManeHbKoe OTBepcme h on- 
pCACJiHJi, Kaxan KapntHa AOJDKHa 6un> bhaha Ha 3Kpane, nocraBAeHHOM 3a 3 thm 
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oTBepcTweM. no ero pacneTaM noaynaaocb, hto Ha 3KpaHe 6y,nyT bhahbi TeMHbie 
h CBerruwe KOAbua, ec.ni CBer MOHOxpoMaTHHecKHH. npH otom OpeHeab bhhhc- 
J1HJ1 pa^HyCbl 3THX KOJieU B 3aBHCHMOCTH OT pa3MepOB OTBepCTHH, OT paCCTOflHHfl 
HCTOHHHKa CBeTa AO OTBepCTHfl H paCCTOHHHfl OTBepCTHfl AO 3KpaHa, Ha KOTOpOM 
Ha6AK>AaeTCJi AH^paKUHOHHaa KapTHHa. 

OpeHeJib onncaa h Apyrne caynan AH<}>paKUHH CBeTa ot paaAHHHbix axpaHOB 
h paccHHTaji pacnonoxceHHe AH^paKijHOHHbix noaoc, hcxoah h3 boahoboh Teo- 
pHH. npH 3tom Bee pacnerbi OpeHeax coBnaAaAH c pe3yabTaTaMH, Ha6aiOAae- 
MbiMH Ha onbiTe. 

Pa6oTbi, npeACTaBJieHHbie Ha KOHKypc, paccMaTpHBaaa cneuHaabHax komhc- 
ch5i AKaAeMHH Hayx. B ee cocTaBe 6biJin KpynHeHuine yneHbie Toro BpeMeHH: 
Aparo, nyaccoH, Bho, refi-JIioccaK. Bee ohh npHAep^KHBaAHCb hbiotohobckhx 
B3rA«AOB Ha npHpoAy CBera. Ectcctbchho, hto ohh HeAOBepHHBo OTHecjiHCb k 
pa6oTe OpeHejifl. OAHaxo coBnaaeHHe pacneroB OpeHeax c ohuthbimh a^hhumh 
6biJio HacTOjibKo xopouiHM, hto komhcchx He Morjia oTBeprHyTb pa6oTy Opene- 
ax h 6buia BbiHyxcAewa npHcyAHTb eMy npeMHio. 

npH stom npoH3omeA HHTepecHbiH caynaH. PaccMaxpHBax pacneTbi OpeHe- 
ax, HaeH komhcchh nyaccoH 3aMeTHA, hto ohh npHBOA«T k napaAOKcaabHOMy 
pe3yabTary: coraacHO OpeHeato noaynaaocb, hto b ueHTpe tchh ot Kpyraoro 
3KpaHa aoaxcho 6biTb CBeraoe iixtho. OAHaxo 3Toro ao chx nop hhkto He Ha- 
6aK>Aaa. 143 TeopHH OpeHeax caeAOBaao, hto 3to CBeTaoe nxTHO 6yAer 3aMerHo 
ToabKo b tom caynae, ecan paawyc Kpyraoro 3KpaHa 6yaer MaawM. npOAeaaH- 
hwh onwT noATBepAHA npeACKa3aHHe TeopHH OpeHeax, hto npoH3Beao 6oabinoe 
BnenaTaeHHe Ha hxchob komhcchh. 

HTaK, komhcchx AKaaeMHH HayK npHcyAHaa npeMHio OpeHeaio 3a ero pa6o- 
Ty no onTHKe. Oahbko 3to BOBce He 3 hbhht, hto BOAHOBax Teopnx 6biaa npH3Ha- 
Ha npaBHAbHOH. IIpeMHx yneHOMy 6biaa AaHa 3a mctoa pacnera. Hto xce Kaca- 
aocb caMHX npeacTaBaeHHH, Ha ochobc KOTopbix 6wa caeaaH pacneT, T.e. npea- 
cTaBaeHHH o boahoboh npHpOAC CBeTa, to aKaACMHKH, paccMaTpHBaioiuHe pa6o- 
Ty OpeHeax, He coraacHXHCb c hhm. 

Ohh paccyacAaan npHMepHO Tax: 4>H3HHecKHe ochobm TeopHH MoryT 6biTb 
HeBepHbi, a pe3yabTaTbi pacneTa npaBHAbHbi. TaKHe caynan HCTopna 3Hana. Ha- 
npHMep, noab3yacb TeopHefi ITroAeMex o CTpoeHHH BceaeHHOH, moxcho bccth 
pacneTbi h noaynaTb npaBHabHbie pe3yabTaTbi noaoxceHHH He6ecHbix cbctha Ha 
He6e, OAHaKo no cymecTBy OHa HeBepHa. 

HyxcHO CKa3aTb b 3amHTy axaAeMHKOB, hto, HecMOTpx Ha 6aecTxmHe pe3yab- 
TaTbi, noayneHHbie OpeHeaeM, b ero TeopHH 6bia onpeAeaeHHbin h31>xh. JJeao b 
tom, hto KpoMe HHTep(J)epeHuHH h AH<j)paKijHH, (J)H3hkh yxce HCcaeAOBaan noax- 
pH3auHio CBeTa. Ho TeopHx OpeHeax BonpocoB noaxpH3aijHH CBera He xacaaacb. 
Boaee Toro, Ka3aaocb, hto OHa He b coctoxhhh hx o6bxCHHTb. 


ypOK 83. JIa6opaTopHaH pa6oTa 
no TeMe: «H 3 MepeHne jjnuibi cbc i oboh bojihu» 

Odopydoeanue: Heo6xoAHMbie cpeACTBa H3MepeHHA. 
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Xoa ypoKa 

B pa6oTe a aa onpeAeneHHA aahhm cbctoboh BOJiHbi HcnoAb3yeTca 

AH(j)paKUHOHHaji pemeTKa c nepHOAOM mm hah ^ mm (nepnoA 

yxa3aH Ha pemence). OHa aBJweTca ochobhoh qacTbio H3MepHTejibHOH 
ycxaHOBKH, noKa3aHHOH Hapnc. 85. 



PemeTKa I yeraHaBAHBaeTCH b AepacaTene 2, KOTopbifi npHKpenjieH k 
KOHqy jiHHenKH 3. Ha jiHHefiKe ace pacnoAaraercfl nepHbiH 3KpaH 4 c y3- 
koh BepTHKajibHOH meJibio 5 nocepeAHHe. 3KpaH MoxceT nepeMemaTbca 
BAOJIb JIHHeHKH, HTO n03B0AJieT H3MeHATb paCCTOAHHe MeXCAy HHM H A H- 
(^paKUHOHHOH pemeTKofi. Ha 3KpaHe h iiHHeHKe hmciotcji MHJiJiHMeTpo- 
Bbie mKajibi. Bcs ycTaHOBKa Kpennrcfl Ha mraTHBe 6. 

Ecjth cMOTpeTb cKB03b pemeTKy h npope3b Ha hctohhhk cBera (jiaMny 
HaKajiHBaHHa hah cBeny), to Ha nepHOM (j)OHe 3KpaHa moacho Ha6AK)AaTb 
no o6e ctopohm ot meAH AH^paKAHOHHue cneiopbi 1-ro, 2-ro h t. a. no- 

PAAKOB. 

fliiHHa boahw X onpeAensieTca no 4>opMyne: 

d simp 
k ’ 

rAe d - nepHOA peineTKH; k — nopAAOK cneicipa; cp - yron, noA koto- 
puM Ha6AK)AaeTca MaKCHMyM cBeTa cooTBeTCTByiomero UBeTa. 

nocKOAbKy yrAM, noA kotopwmh Ha6AioAaK)Tca MaKCHMyMbi, 1-ro h 
2-ro nopKAKOB, He npeBbimaioT 5°, moxcho bmccto cHHycoB yrAOM hc- 

noAb30BaTb hx TaHrencbi. H3 pnc. 86 bhaho, hto tg<p = — . 

a 
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PaccTOHHHe a OTCMHTbiBaiOT no jiHHeifKe ot pemeTKH ao axpaHa, pac- 
croHHHe b - no uiKane aicpaHa or mejiH ao Bbi6paHHOH jihhhh cneiapa. 

OKOHnaTejibHaa (J>opMyjia AJia onpe^eJieHHii ajihhm bojihbi hmcot 
bha: 



B 3toh pa6oTe norpeumocTb H3MepeHHH ajihh bojih He oueHHBaeTca 
H3-3a HeKOTopofi HeonpeAejieHHOCTH BbiGopa cepeAHHu nacTH cneicrpa 
AaHHoro UBeTa. 


IIoAroTOBKa k npoeeaeHHio paGoTbi 

1. IIoAroTOBbTe 6naHK OTnera c Ta6jiHuefi 3anwcvi pe3yjibTaTOB 
H3MepeHHH H BbIHHCJieHHH. 

2. Co6epHTe H3MepHTejibnyjo ycTaHOBKy, ycTaHOBHTe otcpaH Ha pac- 
CTOHHHH 50 CM OT peilieTKH. 

3. Tmm cKB03b AH({)paKAHOHHyK) pemerKy h mejib b oxpaHe Ha hctoh- 
hhk CBera h nepeMemaa peuieTKy b Aepacarejie, ycraHOBHre ee Tax, hto6m 
AH(J) paKij[HOHHbie cneKrpbi pacnoJiaranHCb napajmejibHO uncajie 3Kpana. 

npoBeaeHHe 3KcnepHMeHTa, 
o6pa6oTKa pe3yjibTaTOB H3MepeHHH 

1. BbiHHCJiHTe AJiHHy BOJiHbi KpacHoro CBeTa b cneKTpe 1-ro nopaaxa 
cnpaBa h caeBa ot mejrn b axpaHe, onpeaeJiHTe cpeAHee 3HaneHHe pe- 
3yJIbTaTOB H3MepeHHH. 

2. FtpOAejiaTb to nee j\n% (JmojieTOBoro CBeTa. 

3. CpaBHHTe noJiyneHHbie pe3yjibTaTbi c AJMHaMH bojih KpacHoro h 
4>HOJieTOBoro UBeTa Ha uBeTHoii BKjieHKe (V } 1). 

KonmpojibHbiu eonpoc 

HeM oTAHnaeTca AHcJjpaicAHOHHbiH cneiop ot AHcnepCHOHHoro? 

^OMauiHee lajianwe 

n. 72; 

P-1067. 




250 lloypovHbie pa3pa6omKU k yue6Huny f.R MfiKUtueea, 6.6 Syxoeiieea 

ypOK 84, llonepeMHocTb ceeTOBbix bojih. 
n<xiflpniannfl cBeTa 

IJejib: paccMOTpeTs aBJieHHe nojiapH3anHH. 

06opydoeaHue: /jne hhctbic cTexjuiHHbie njiacTHHKH He6oji&iuoro 
pa3Mepa; conoMHHKa AJia BbiAyBaroia mbijibhmx ny3bipen; npoBOJioHHoe 
KOJIblJO, pacTBop MBIJia. 


Xoa ypoica 

I. OpraHH3ai|HOHHbIH MOMCHT 

II. AHajiua 3KcnepHMeHTa 
Ha6jiH>denue uitmeptpepennuu ceema 

1. MucTue CTeKJWHHBie nnacTHHKH nonoHCHTe jspyr Ha Apyra, npH- 
ecmhtc. B oTpa^ceHHOM CBeTe Ha tcmhom (J)OHe noHuurre (oco6eHHo no 
KpaflM) uBeTHue HHTep(J)epeHUHOHHbie nojiocbi. 

BuaeJiHTe ocoSeHHocTH Ha6jiK>AaeMoro aBJieHHa: nocToaHHaa xap- 
THHa hjih hct; ecTt jih MaKCHMyMBi; oKpaineHbi jih nojiocbi. 

Bha KapTHHM 3apHcyHTe. BtmojiHHTe pncyHOK c o6i>acHeHHeM Me- 
To^a o6pa30BaHH» Korepemmix hctohhhxob CBeTa. IfayHHTe, xax MeHa- 
eTC5i HHTepcJ)epeHUHOHHafl xapTHHa. IIojiyHHTca jih onbiT b npoxoA^meM 
CBeTe? 

2. IIojiyHHTe MBiJibHyio mieHxy Ha npoBOJioHHOM xojibije h MbuibHbie 
ny3bipH. 

- Kax A0xa3axb, hto h b 3tom cjiynae Ha6jnoAaeTca HHTep^epeHpH- 
OHHafl xapTHHa? 

- OTJiHHaeTCJi jih 3Ta xapTHHa b onbiTe c njiacTHHxaMH? 

- B xaxoM CBeTe Ha6jnoAaeTca HHTep<j>epeHUHOHHaa xapTHHa? 

- O neM roBopHT H3MeHeHHe BHAa nojioc Ha mbijibhoh njieHxe? 

- CxOJIbXO MaXCHMyMOM MO)XHO 3a4>HXCHpOBaTb? 

III. H3yneHHe hoboto MaTepnajia 

1 . AHajiH3 axcnepHMeHTa. 

^BJieHHe HHTep^epeHHHH h AH<t>paxnHH He ocTaBJiaiOT comhchkh b 
tom, hto pacnpocTpaHfliomHHca cBeT o6jiaAaeT CBOHCTBaMH bojih. Ho 
ocrajica Bonpoc: xaxne 3TO bojihbi - npoAOJibHbie hjih nonepenHbie? 

Ottbim c KpucmaJuioM mypMOJiuna 

Bo3bMHTe njiacTHHxy TypMajTHHa. Ecjih HanpaBHTb HOpMajibHO Ha 
Taxyio nnacTHHxy nynox CBeTa ot 3JiexTpHHecxoH jiaMnbi hjih CojiHua, 
to BpameHHe njiacTHHKH HHxaxnx H3MeHeHHH He npHHeceT. 3acTaBHM 
nynox npOHTH nepe3 BTopon tohho Taxon >xe xpHCTajui rypMajiHHa, na- 
pajuiejibHbiH nepBOMy. B 3 tom cjiynae npH oahh3xobo HanpaBJieHHux 
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Dckx KpHcrajuiOB oiurrb HHMero He npOH3on^eT, TOjibKO caeTOBOH nynoK 
Byj^eT 6oJiee ocjia6jieHHUM. Ho ecjm btopoh KpHCTami BpamaTb, to 06- 
BapyacHTCfl rameHHe CBera. 

H3 3thx (jjaieroB cjiejjyer, hto: 

- CBeTOBaa BOJiHa, Haymaa or HcroHHHica csera, nojiHOCTbio chm- 
MCTpHMHa OTHOCWTCJIbHO HanpaBJieHHK) pacnpOCTpaHeHHB; 

— Bwnie^maji BOjma H3 nepBoro KpHcrajuia He oGjiajxaer oceeoH 
CHMMerpHHHOCTbH). 

IIpOAOJH.HMe bojihh oGjiajiaior nojuiow cHMMerpHHHocTbio no otho- 
EueHHio k HanpaBJieHHK) pacnpocrpaHeHHJi. 06 t»jichhti» 3to mojkho, ccjih 
tipejmojioacHTb, hto CBer - nonepeHHaa BOjma. CseroBaa BOima c Kojie* 
5aHH»MH no BceM HanpaBJieHHBM, nepneHnmcy Jiapi la HanpaBJieHHK) pac- 
npocTpaHeHHa, HasusaeMOH ecrecTBeHHOH. 

KpHcraJiiiM TypMajmwa oGjiajjaior cnoco6HOcn>io nponycicaTb cbcto- 
Bbie BOJiHbi c Kojie6aHHKMH, jiejKanjHMH n ojjhoh iijiockocth. Taicon cbct 
Ha3UBaiOT n0JWpH30BaHHbIM . 

TaKHM cbohctbom oGiiajxaeT He TOJibico TypMajiHH, ho h nojiapoHabi, 
npejicTaBjunomHe TOHKyio (0,1 mm) ruieHKy KpHcrajuia repanarara, Ha- 
HeceHHyio wa neJuiyjioHjx hjih CTeiawHHyio nnacTHHKy. 

2. KOMMeHTapHH yHHTejia. 

TJpuMeHenue nojwpmoeaHHozo enema 

PeryjiHpoBKa ocBeiueHHOcm, rameHHe 3epicajibHbix 6 jihkob npw 4>o- 
Torpa^HpoBaHHH, npejiynpoicjieHHe ocjienjieHHa BOjorrejm BcnpeHHbiM 
TpaHcnoproM. 

rioJHip h 3auH b npoHexojjHT Tax >Ke npn oTpaaceHHH caera ot noeepx- 
hocth jtHajieicrpHKa h npn npejioMJieHHH CBera. 

IV. 3 aKpenjieHHe H 3 yHeimoro 

- Hto npejjcraBJMer co6oh ecrecTBeHHbiH cser? 

- B weM coctoht HBJieHHe nojiapH3auHH bojih? 

- KaKHM cbohctbom oGjiajiaeT xpHcrajui TypMajiHHa? 

- O neM CBnaerejibCTByeT jxaHHbiw onuT? 

V. IIOABeaeHHe htotob ypoica 

/(OMauiiiee 3aaaiiHC 

n. 73; 74. 


YpOK 85 . YpoK-Hrpa. 

KoHKypc yMHHKOB h yMHHu no TeMe: «OnTHica» 

Ifejiu: oGoGmHTb, noBTopHTb MaTepnaji no TeMe «Oimnca»; pa 3 BH- 
Ban> ycniyK) pent ynamHXCJi, KOMMy HHicaraBH ue coocoGhocth. 
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Odopydoeanue : opaeHa «yMHHKOB» no HHCJiy Bonpocos; £Opo>KKH 
Tpex nBeTOB c KJieTKaMH - KBa^paxaMH (iepacHafl ,aopo>KKa coctoht H3 
flByx KBa^paTOB; MceJiTaa - H3 Tpex; 3ejieHaa - H3 neTbipex); Bonpocbi h 
3a^aHHfl. 

Xo j\ ypoKa 

I. OpraHH3ailH0HHbIH MOMeHT 

I. BcTynHTeJibHoe cjiobo yHHTejin 

«Ecjih 6bi onTHK nbiTajTCJi npo^aTb \me hh cTpy mcht, b kotopom oica- 
3ajiHCb 6bi He^ocTaTKH, npHcymne TJia3y, to a cHHTan 6bi ce6« BnpaBe 
BucKa3aTb eMy b caMbix pe3KHx BbipaaceHHBX nopHuaHne 3a HefipeacHyio 
pa6ory h BepHyTb eMy HHCTpyMeHT c npoTecTOM». 

(r. T'qJI bM20Jl blj) 

II. Xoa Hrpbi 

BbiflBJweM TpOHX «yMHHKOB». yqamHeca oTBeqaioT Ha «ot6opoh- 
Hbie» Bonpocbi. 3a nojiHbifi h npaBHJibHbiH otbct yqeHHK nojiynaeT op- 
^eH «yMHHKa». TpH BJia^ejibua HaH6ojibmero HHCJia op^eHOB pa3birpbi- 
BafOT ^OpOHOCH. 

Oco6eHHOCTH flOpOHCeK! 

- Ha KpacHOH ,nopo>KKe - HrpoK He flOJixceH ouiH6aTbc», eMy 3ajia- 
k>t Bcero o^hh Bonpoc; 

- Ha 5KeJXTOH AOpO)KKe - HrpOK ^OJDKeH BepHO OTBeTHTb Ha 0,aHH H3 
£Byx npe/uio)KeHHbix BonpocoB, oh HMeeT npaBO Ha o^Hy ouinGKy; 

- Ha 3ejieHOH .aopoacice - HrpoK flOjmeH OTBeTHTb npaBHJibHo xotji 
6bl Ha O^HH H3 Tpex BOnpOCOB. 

Hrpox, nepBbiM npoine^HiHH cboio flopo>KKy, CTaHOBHTCfl «yMHH- 
KOM» H Ca^HTCfl Ha «TpOH». OCTaBUIHeCH flBa HrpOKa npHCOeAHHHIOTCfl K 
«TeopeTHKaM». 

#aJiee nrpa H^eT MeacAy «yMHHKaMH». 
y nacTHHKH Hrpbi nojiyqaioT oueHKH b acypHane. 

«OT6opoHHbie» eonpocbi 

1 . npHBe^HTe ^0Ka3aTejibCTBa 3jieKTpoMarHHTHOH npnpoAbi CBeTa. 

2 . Mohcho jih yBH^eTb cbctoboh jiyq? 

3. Hto Taxoe «y3KHH» cbctoboh nyqoic? HacKOJibKO y30K «y3KHH» 
cbctoboh ixynoK? 

4. Mto Taxoe cbctoboh Jiyq? ilBJiaeTCJi jih cbctoboh jiyq o6beKTHBHOH 

peajibHOCTbio? 

5. KaKHMH CBOHCTBaMH o6jia^aeT TOHeHHblH HCTOHHHK CBeTa? KaKHX 

cbohctb y Hero hot? 

6. KaKHMH CBOHCTBaMH o6jiaAaeT cbctoboh jiyq? KaKHX cbohctb y 
Hero HeT? 
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7. Hto no 3 BOJweT HaM HcnoAb30BaTb TaKHe BbiMbiuiJieHHbie o6T»eKTbi, 

( KaK TOHeHHbIM HCTOHHHK CBeTa, CBCTOBOH JiyH, A Jia o6bHCHeHHa H npeA~ 
|cKa3aHHH CBeTOBbIX HBJieHHH, JJJIH pa3pa60TKH CBeTOBbIX npnGopOB? 

| 8. Kaic cooTHocaTca reoMerpHnecKaa h BOJiHOBaa onTHxa? 

| 9* Ha npHMepe pa3BHTHa B3rjia^0B Ha npHpOAy CBeTa noKa>KHTe xa- 

ipaKTep H3MeHeHH« OCHOBHbIX HACK H TeOpeTHHeCKHX KOHUeriHHH, Th- 

r nHHHo jih no^o6Hoe oTpnnaHHe jxnsi npoaecca no3HaHH» hjih 3to e^H- 
HHHHbiH cJiynaH? 

f 10* Kaxofi MeTOA onpe^eneHna cxopocTH CBeTa BaacHee: acrpoHOMH- 
l HeCKHH HJIH Jia6opaTOpHbIH? 

1 1 1 * Kaxyio pojib b Hayxe CbirpaJi (Jjaicr coBnaAeHna 3KcnepHMeHTajib- 

: ho onpejjejieHHoro 3HaneHHa cxopocTH cseTa c ero HHCJieHHbiM 3 HaneHH- 
eM, TeopeTHnecKH nojiyneHHbiM MaxcBejuioM? 

12 . TToneMy npHHunn nofireHca Ha3biBaioT npHHunnoM, a He 3axo- 
HOM HJIH npaBHJIOM? 

13. O neM roBOpHT tot (J)aicT, hto 3KcnepHMeHTajibHbiH 3axoH npe- 
jiOMJieHHa CBeTa MoaceT 6biTb nonyneH TeopeTHnecKH Ha ocHOBaHHH 
npHHUHna F lonreHca? 

14. Kaxoii 3axoH AnajieKTHKH MO^ceT 6biTb npOHjunocTpHpoBaH pac- 
CMOTpeHneM aBJieHHa npenoMjieHHa CBeTa npn npoxoacAeHHH jiyna H3 
onTHHecKH 6ojiee njiOTHOH cpe^bi b MeHee njioTHyio, Kor^a yroji na^e- 
Hna nocTeneHHO yBejiHHHBaeTca ot 0 40 90°? 

15. CxojibKO UBeTOB b cneicrpe cojihchhoto CBeTa? 

Bonpocbi hjih onpejiejieHHfi aopohckh 
/Jjim uzpoKa hu KpacHOU dopojta<e 

1 . MaJibHHK onpejjejiaji BpeMa no jriiHHe tchh: «Kor^a TeHb ot Kpbi- 
uih coceACKoro AOMa, na^aBmaa Ha creHy, noKpbrryio b BepxHen CBoefi 
nacTH AByMa paAaMH jihctoboto acejie3a, npoxoAHT BepxHHH paA, - ca- 
Moe BpeMa hath b uiKOJiy». IIotom HeAemo uijih ao>kah, eme HeAenio 
6 mao nacMypHO, h xorAa MaJibHHK norneA b niKOJiy, opneHTHpyacb Ha 
TeHb ot CBoero AOMa, to oh ono3AaJi. 

rioneMy MaJibHHK ono3AaJi? (Bbicoma cojinqa Had aopmonmoM e od- 
ho u mo Dice epejm cymoK, no e pa3Hbie dnu neodimaKoea ecjiedcmeue 
deuDicenm 3e\uiu eoKpya Comma.) 

JJjim uzpoKa ua Dtcenmou dopojtcxe 

1 . Kax bm 3HaeTe, HHTep4)epeHHHio mohcho HaOjnoAaTb TOjibKO b toh- 
khx iuieHKax. Hto 3HaHHT «TOHKaa» njieHKa? Cboh otbct oOocHyHTe. 

2 . «KoMHaTa, b KOTOpyio BCTynmi HBaH MBaHOBHH, 6bura coBepuieH- 
HO TeMHa, nOTOMy HTO CTaBHH 6bIAH 3aKpbITbI, H COJIHeHHblH JiyH, npoxo- 
Aa b AHpy, cAeJiaHHyio b craBHe, npHHaji paAyacHbin ubct h, yAapaacb b 
npoTHBocToaiAyio CTeHy, pHCOBaA Ha Hen necTpbifi AaHAma<j)T H3 onepe- 
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thhhx* Kpbim, ^epeBbes h pa3BCiuaHHoro Ha £BOpe imaTbs, Bee TOJibKO b 
o6pameHHOM B*we». 

06b«CHHTe BBjieHHe. fCaKOH (jwTHHecKHH npw6op ^eHCTByer Ha oc- 
HOBe 3TOrO HBJieHHS? 

ZfjlH UZpOKQ HO 3eJieHOU dopOMCKC 

1. Moxcho jih yTBepxcaaTb, hto CBeroBue bojihu B3aHMO^eHCTByioT, 

Kor^a npOHexoAHT jiBJieHHe Hirrep4>epeHUHH csera? Bo3moxcho jih bo- 
o6me B3anMo;ieHCTBHe CBeroBbix bojih jipyr c flpyroM? ■ ■ a 

2. Kax Bbi cHHTaere, hmccm jih mu npaso Ha3ueaTb reoMerpHHecicyio 
OITTHICy <J>H3H4eCKOH TeOpHCH HJIH 3TO CJICflCTBHe, KaK TOBOpJIT, npe^ejib- 
huh cuynaH bojihoboh oitthkh? 

3. «C KaxcuoH MHHyroii nojiHbm ahbk JlyHU Bee 6oJiee h 6ojiee bxoahji 

b TeHb 3eMJiH, h TbMa HeyMOJiHMO h bcjimhcctbchho Haiuibisajia Ha Jiyn- 
Hue Kparepbi. Ka3ajiocb, hto orpoMHbiH 6ejiHbiH map npn6jiH3HJicji k 3cm- 
jie h cran enje GoJibuie. JlyHa npno6pejia mcahuh ottchok, a 3axeM xa 
nacrb ee noBepxHocrH, Koropaa He 6buia eme oxBaneHa MpaxoM, crana 
nenejibHO-cepoii <...> Kojibuo tchh Bee Gonbiue h Gojiwue 3axpbiBano 
jiyHy - oho xenepb yace 3aBOJioiaio 6oJiee noJioBHHbi ee KposaBO-KpacHoro 
AHCKa. SarpoBan Mrjia crymaiiacb bcc h 6oJibme h 6oJibwe. . .». 

Kaxoe afijiemie bu y 3 HaeTe b 3tom OTpbiBKe? OoHCMy JlyHa npHo 6 - 
pejia Me^Huft ottchok? ( Jlymoe 3 amMeuue. [JoKpacneHue Jlytibi eo epe- 
mh 3 amMenm cefuano c meM, nmo nynu comennoeo ceema docmuzarom 
ee noeepxHocmu ttpoudx CKeo 3 b amMoetpepy 3 cmjiu. Ohu oKpauiueatomcx 
s KpacHoeambiu yeern, nomoMy nmo eojiySbie ommeuKu pacceueaiomcH e 
eo 3 dyxe . OKpatumanue npoucxodum mate Dice, KaK Mennemcn yeem 
CoJinifa u JTyubi y eopmonma: 3 mu uedecubie ceemuna cmanoenmcH 
KpacHoeantbiMu Ha eoexode u satcame . Ompajtcanch om noeepxnocmu 
JlyHbi, Jiynu ceema nonadatom e 2 J 103 Ha 6 juodamejix y etye pa 3 npoudx 
CK 603 H amMoctjtepy. IJpu smoM ohu eu^e 6 onee Kpacnetom .) 


niasa 9. 3/ieMeHTbl TeOpHM OTHOCMTeilbHOCTM 

ypoK 86. IlocTyjiaTbi 
cneuHajibHOH TeopHH othochtcji bhocth 

Ifejib : noica3aTb Heo6xo^HMOCTb hoboh TeopHH «CneiuiajibHa5i Teo- 
pHH OTHOCHTeJlbHOCTH». 


OHeper - tpocthhk. 
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Xoa ypoica 

I. OpraHH3aUH0HHblH MOMeHT 

II. AHaJlH3 KOHTpOJlbHOH pa60TbI 

III. Ksyneinie hobopo MaTepnajia 

Bo BTOpOH nojioBHHe XII b. MaKCBeJiJi pa3BHji TeopHio 3JieKTpoMar- 
HeTH3Ma. Oh noKa3ajj, hto cseT - 3JieKTpoMarHHTHaa Bojma. YpaBHeHHe 
MaKCBeJiJia noACKa3ano, hto CKopocn* cBeTa a 3*10 8 m/c. npe,ncKa3aHHfl 
coBiiajiH c SKcnepHMeHTajiBHtJMH H3MepeHHBMH b npe^ejiax norpeuiHO- 
CTH. Ho B KBKOH CHCTCMe OTCHCTa? 

y MaKCBejuia b ypaBHeHHax hct oroBopox HacneT OTHOCHTejibHOH 
CKOpOCTH. <t>H3HKH npejUIOJIOKHJIH, HTO CBCT pacnpOCTpaHfleTCJI B KaKOH- 

to cpe^e. 3iy cpeay Ha3BajiH 3(JwpoM, KOToptift 3anojiH5ieT Bee npo- 
CTpaHCTBO. 

npeAnojioacHM, hto 3HaneHHe cxopocTH no MaKCBeiuiy AOCTHraeTCfl 
B ChCTOMO OTCHeTB, CB«3aHHOH C 3(J)HpOM. Tor^a CKOpOCTb CBeTa B pa3- 
JIHHHblX CHCTeMaX OTHeTa pa3JlHHHa? 

A. MawKejibCOH h 3 . MopHH npoBejiH onbiTbi no H3MepeHHio cxopo- 
cth CBeTa b HanpaBJieHHH abwkchhb 3cmjih h b npOTHBonojio>KHOM Ha- 
npaBjieHHH. HHKaKoro pa3JiHHHH b cxopocra CBeTa hm o6Hapy)KHTb He 
yAajiocb. 3to o3Hanajio, hto HHKaKOH cpeAbi 3(jmpa He cymecTByeT. 

TaKHM o6pa30M, o6Hapy>KHjiHCb onpe^ejieHHbie npoTHBOpenwa Me^c- 
ffy 3JieKTpOflHHaMHKOH H MexaHHKOH HblOTOHa, 3aKOHbI KOTOpOH COTJia- 
CyiOTCH C npHHUHnOM OTHOCHTej] bHOCTH . B03HHKIHHe npOTHBOpeHHfl 
mohcho 6biJio npeo/tojreTb rpeMa pa3HHHHbiMH cnoco6aMH: 

1. 06bHCHHTb HeCOCTOHTeJlbHOCTb npHHUHna OTHOCHTeJIbHOCTH B 
npHMeHeHHH K 3JieKTpOMarHHTHbIM BBJieHHBM. Ha 3Ty TOHKy BCTajl TOJ1- 
JiaHACKHH (j)H3HK X. JIopeHU. 

2. CnHTaTb HenpaBHjibHWMH caMH ypaBHeHHa MaKCBejuia h nonbi- 
TaTbc« H3MeHHTb hx TaKHM o6pa30M, hto6m ohh upH nepexoae OT OAHOH 
HHepuHOHHOH CHCTeMbi k Apyrofi He MeHHjiHCb. Tanaa nonuTKa 6biJia 
npeAnpHHHTa T. TepueM. 

3. B OTKa3e ot KJiaccHHecKHX npeACTaBjieHHH o npocTpaHCTBe h Bpe- 
MeHH, C TeM HT06bI COXpaHHTb KaK npHHAHH OTHOCHTeJIbHOCTH, TaK H 
ypaBHeHHH MaKCBejuia. 

EAHHCTBeHHO npaBHJIbHbIM OKa3ajiaCb HMeHHO TpeTbfl B03M0)KH0CTb. 
nocjieAOBaTejibHO pa3BHji ee Shhuitchh. Oh npHineji k hobmm npeA- 
CTaBJieHHHM O npocTpaHCTBe H BpeMeHH. 

nepBbie A»a nym 6bum onpoBeprHyTbi 3KcnepHMeHTaMH. 

(Mohcho AaTb yneHHKaM AOKJiaAbi o npoBeACHHUx 3KcnepHMeHTax, 
yxa3aB jiHTepaTypy.) 




256 floypowHb/e pa3pa6orr>KU k yve6HUKy fR. Mmuiueea, E.E Eyxoeiieea 


npHHUHii OTHOCHTejitHOCTH - maBHbiH nocTyjiaT TeopHH 3hh- 
uiTeHHa. 

Bee 3aKOHbi npHpoflbi QHHHaKOBM b jiio6oh HHepuHajibHon cwcTeMe 
OTcneTa. 3to o3HanaeT, mto bo Bcex HHepUHajibHbix CHCTeMax (J)H3HMe- 
CKHe 3aKOHbI HMeiOT O^HHaKOByK) (})OpMy. TaKHM o6pa30M, npHHUHn 
oTHocHTenbHocTH KJiaccHHecKOH MexaHHKH o6o6maeTca Ha Bee npouec- 
Cbl B npnp0,ne, B TOM HHCJie H Ha 3 JieKTpOMarHHTHbie . 

BTopoif nocTyjiaT - cxopocTb cBeTa b BaxyyMe o/umaKOBa jjjm Bcex 
HHepUHajibHbix CHCTeM oTc^eTa. 

Ona He 3aBHCHT He ot ckopocth HCTOHHHKa, hh ot ckopocth npneM- 
HHKa CBeTa. CicopocTb CBeTa 3aHHMaeT oco6oe nojioaceHHe. 

B aaHHOM cjiynae cneunajibHaa Teopna OTHOCHTejlbHOCTH HaxoflHTca 
B npOTHBOpeHHH C KJiaCCHHeCKHM H HpeACTaBJieHHHMH O npOCTpaHCTBe H 
BpeMeHH, KOTopbie npn 6onbuiHx cxopocTHX £BH>KeHHfl yace neenpaBe^- 
nHBbi. HajiHHHeM BepxHero npe^ejia ckopocth o6bHCHaeTca cymecTBO- 
BaHHe «nepHOH ^bipbi» - acTpoHOMHHecicoro oSbexTa. 

IV. 3aKpenjieHHH H3yneHHOro 

- OSbflCHHTe eymHOCTb TeopHH OTHOCHTejlbHOCTH. 

- KaKHM nyTeM 3HHIUTeHH peiUHJI npOTHBOpeHHJI, B03HHKIUHe npH 
npHMeHeHHH npHHHHna othochtcji t hocth k 3axoHaM 3jiexTpo,aH- 

HBMHXH? 

- C(j)OpMyjIHpyHTe nOCTyjiaTbl TeopHH OTHOCHTejlbHOCTH H o6bflCHH- 
Te HX CymHOCTb. 

^OMauiHee 3ajtfHHe 

n. 75-76. 


YpOK 87. PejlflTHBHCTCKHH 3SKOH CJlOtfCeHHfl CKOpOCTCH 

Ifenb: BbmecTH pcjwthbhctcxhh 3axoH cjiohcchhh cxopocTen. 

Xoji ypoKa 

I. OpraHH3ai|H0HHblH MOMeHT 
n. IIOBTOpeHHe 

- Kaxoe BpeMa Ha3biBaioT co6cTBeHHbiM? 

- HeM onpeAejiaeTca 3aMeAJieHHe BpeMeHH: CBOHCTBaMH CBera, xoh- 
CTpyKHHeH CBeTOBbIX HaCOB HJ1H CBOHCTBaMH CaMOrO BpeMeHH? 

- lloneMy npn ^bhjkchhh 3 aMe,zjjifleTCH He Tojibxo xoa nacoB, ho h 
npoTexaHHe Bcex ({)H 3 HHecxHx npoueccoB, a Tax>xe xhmhhccxhx 
peaxuHH b HejiOBenecKOM opraHH 3 Me? 

- B neM cyTb «napaaoicca 6jiH3HeuoB»? 
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- KaKOH 3KcnepHMeHT no^TBepacAaeT 3(jx|)eKT 3aMe;uieHHfl BpeMeHH? 


III. H 3 yneHHe HOBoro MaTcpwana 

OntiT MaHKejiLcona-MopjiH noKa3aJi, hto CKOpOCTb cBeTa b BaKyyMe 
IIOCTOBHHa H He 3aBHCHT OT CKOpOCTH ,BBH>KeHH5I HCTOHHHKa HJIH npHCM- 
HHKa. 3 to 03HanaeT, hto npeo6pa30BaHHe TajiHueJi h 3aKOH cjioaceHHJi 
CKOpOCTCH HeBepeH npH CKOpOCTH ^BHJKeHHH, COH3MepHMOH CO CKOpO- 
CTb K) CBeTa. 

MaTepHanKHaa nacTb (Teno) He mohcct ^BHraTbCJi c 6ojibiueH cKOpo- 

CT MO, 4eM CKOpOCTb CBeTa. 

CKOpOCTb TeJia, KaK OTHOCHTeJIbHO HenO/JBIDKHOH CHCTeMbI OTCHeTa 
X \ TaK H OTHOCHTeJIbHO CHCTeMbI X ' , flBHJKymeHC* CO CKOpOCTbK) o: 

k « c 

\ U x« C 


Ymho>khb Ha | 1 — 

Cj 


nocjie^Hee, HMeeM u' 1 — 


^ I1--I, 

c 


, V x -v , 

n * <c-u HJIH U ' + V < c 


1 + 


V -U 


u[ +v 


1 + 


v-u 


c 

£C.( 1 ) 


1 +^ 


IlycTb y' ho MaJibi no cpaBHeHHio co CKOpocTbio C: 


H«c 

[u«C ’ 




° x ° = — ■ — « 1 (mohcho npeHeSpens). Tor,aa o[ + o < C . 
ccc 


B jieBoft nacTH ifwrypHpyeT u° x OTHOCHTeJIbHO Heno/iB wkhoh cncTe- 


Mbl OTCHeTa. 

OTHOCHTeJIbHO npOH 3 BO JI bHbIX CKOpOCTCH M 05 KH 0 npe^nOJIOJKHTb, 
4 T 0 JieBaa nacTb HepaBeHCTBa ( 1 ) TaKHce npejjcxaBjnieT CKOpOCTb v x . 

PeJIJITHBHCTCKHH 33 KOH CJIO>KeHH 5 I CKOpOCTCH CnpaBejyiHB IlpH JII060H 

ckopocth £BHaceHHff, t. e.: 



u+o 


1 + 


L> -u 


9 B. A. Bojikob 
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IV. PeuieHHe 3anan 
3adana M 1 


J^Be paKerw ^BH^Kyrca HaBCTpeny £pyr Apyry co ckopocthmh ~ c 

4 

OTHocHTeJiLHO Heno^BH^CHoro Ha6jno,aaTeji5i. OnpeflejiHTb CKopocTb 
c6jiH*eHH5i paicer. 

^aHo: I PeuieHHe: 


^aHo: PeuieHHe: 

3 . Cbjdkcm c nepBOH paKeTOH Heno < HBH>KHyK) cncTeMy 

° l ~ ° 2 ~ 4 * Koop^HHaT K, oTHOCHTejibHo KOTopofi paKeTa ,HBH- 

C = 3*10 8 m/c >KCTC5I CO CKOpOCTbK) . Co BTOpOH paKeTOH CBK- 

U-? aceM cwcTeMy K ' , ^BHacymyioca Bjjojib och X co 

CKOpOCTbK) u 2 OTHOCHTejIbHO HenO^BJOKHOH CHCTCMbl K B HanpaBJieHHH, 
npOTHBOnOJTO^CHOM OCH OX, TO eCTb npOTHBOnOJIO>KHO CKOpOCTH D, . 

Tor^a, Hcnojib3ya pcjththbhctckhh 3aKOH cJioaceHHii CKOpocTew, mo>k- 
HO 3anHCaTb BbIpa>KeHH« AJIH CKOpOCTH B HenO£BH)KHOH CHCTeMe KOOp- 
^HHaT: 


r^e U - oTHOCHTejibHaa CKopocTb paKeT. (IIpoeKUHH CKopocTH v 2 Ha ocb 
X OTpmjaTejibHa, noaTOMy nepea u 2 b (})opMyjie nocTaBJieH 3 hbk MHHyc.) 


Orciofla HaitneM oTHocHTejibHyio CKopocTb paKeT U: 


*v i- 


u- i+M 

l C 


= U-v‘ 


= U-d 2 ; 


^u,+u 2 => U = ” 1+ ^ 2 ; 

1+^ 

c 
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U = 


(m/c+ m/c)-(m/c ) 2 _ M 
m/c-m/c c 


u = 


3 3 6 

— C + — C —c J, 

— ^ — —4— =— c = 0,96c = 0,96*310 8 = 2,88*10* m/c. 

9 25 


1 + 


33 i ' 

—c — c 1 + — 

4 4 16 


( Omeem : U = 0,96c = 2,88- 10 8 m/c.) 


3adana M 2 

Jl Be nacTHUbi yAajMKyrca npyr ot Apyra co CKopocrbio 0,8 c othoch- 
TenbHo 3eMHoro Ha6jnoAaTejui. KaKOBa OTHOCHTeJibHaa cxopocTb qac- 
thu? {Omeem: 0,978 c.) 

3adana M 3 

C KOCMHMecKoro KopaSnfl, ABH^KymerocH k 3eMJie co CKopocTbio 
0,4 c, nocbinaioT ji Ba cnrHajia: cbctoboh CHTHaji h nynoK 6biCTpbix qac- 
THU, HMeiOimjX CKOpOCTb OTHOCHTeJIbHO KOpa6jM - 0,8 C. B MOMeHT nyc- 
Ka cHrHajioB Kopa6jib HaxoflHJica Ha paccTOHHHH 12 Tm ot 3cmjih. Kaxofi 
H3 cnrHajiOB h Ha CKOJibKo paHbme 6yAeT npHHjrr Ha 3eMJie? {Omeem: 
Cbctoboh - Ha 4 c paHbme.) 

/JoManmee 3a;iaiiHc 

n. 79. 

P- 1078, P- 1077. 


ypOK 88 . OTHOCHTeJIbHOCTb BpCMCIIH 

Ifejtb: AOKa3aTb, HTO BpCMft OTHOCHTeJIbHO. 

Xo jx ypoKa 

I. OpraHH3aUHOHHbIH MOMeHT 

II. nposepKa ^OMauiHero la/iaHHH 

III. IloBTOpeHHe H3yneHHoro 

- Mto noKa3an 3KcnepHMeHT ManicejibcoHa-MopJiH? 

- rioneMy pe3yjibTaTbi 3KcnepHMeHTa MaHKeubCOHa-MopJiH npoTHBO- 
peHHJiH KJiaccHqecKOMy 3aKOHy CKopocTew? 

- Hto H3yqaeT cneuHajibHaa Teopwa OTHOCHTeubHOCTH h o6maa reo- 
pHJl OTHOCHTeJIbHOCTH? 


9 * 
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- CfpopMyjiHpynTe nepBWH h btopoh nocTynaTbi Teoproi othochtcjil- 
HOCTH H o6bJICHHTe HX CMbICJI. 

- rioMeMy cymecTBOBaHHe nepHbix nbip ofoscHfleTcs HamiHHeM Bepx- 
Hero npenejia ckopocth pacnpocTpaHeHiw jiio6oro B3aHMoneHCTBHa? 

IV. H3yneHHe HOBOro Marepwajia 

CymecTBOBaHHe npenejibHOH ckopocth nepenaHH B3aHM0,neHCTBHH 
BW 3 MBaeT Heo6xoAHMOCTb rjiy6oKoro H 3 MeHeHHH o6bihhi>ix npe/jcTaBJie- 
HHH O np OCTpaHCTBe H BpeMeHH, OCHOBaHHMX Ha nOBCe^HeBHOM OrTMTe. 
IIpeACTaBJieHHe 06 a6cojnoTHOM BpeMeHH, KOTOpoe TeneT pa 3 h HaBcerna 
3 a^aHHbiM TeMnoM, coBepmeHHo He 3 aBHCHM 0 ot MaTepnana h ero hbh- 
^ceHHJi, 0 Ka 3 MBaeTCfl HenpaBHJibHbiM. 

Ecjih AonycTHTb MmoBeHHoe pacnpocrpaHeHHe cHniauoB, to yTBep^e- 
Hne, hto coohmw b AByx pa3^ejitHbix TOHKax A h B npoH3omjm onHOBpe- 
MeHHO, 6yner HMerb aGcomoTHbin cmhcjl rioMecrHTb b TOHKax AhB nacbi h 
CHHX poHH 3 HpoBaxb. Ecjih b Tomce A Hacw noKa3braaK)T 0 h 30 mhh h ompa- 
BHTb CHTHaJI B TOHKy B T 07 KC B 0 H, 30 MHH, TO HaCbl nOKaacyT O^HHaKOBOC 
BpeMa, t. e. Gynyr hjxth chhxpohho. 

Tojibko pacnojiaraa b TOHKe A h Tonxe B CHHxpoHH3HpoBaHHbiMH na- 

CaMH, MOTKHO Cy^HTb O TOM, np 0 H 30 UIJIH J1H £Ba C06bITHfl 3 THX TOHKax 

OAHOBpeMeHHO hjih HeT. Rax mo)kho cHHxpoHH3HpoBaTb nacbi, Haxona- 
mnecji Ha HexoTOpOM paccTOSHHH npyr ot npyra, ecjiH cxopocTb pac- 
npocTpaHeHHH cnrHanoB He 6ecxoHenHo Bejinxa? 

Taxon cnoco6 Hcnojib3yeTcx jyw npoBepxH nacoB no panno. 3 nax 
paccToaHHe ot pa^HocTaHijHH no AOMa, mojkho blihhcjihtl nonpaBKy Ha 
3 ana 3 nbraaHHe cnrHajia. 3 Ta nonpaBxa HeBejinxa, ho npH orpoMHbix 
KOCM HHeCKHX paCCTOHHHBX M 05 XCT OXa3aTbC5I BeCbMa CymeCTBeHHOH. 

HanpHMep, xocMOHaBT cHHxpoHH 3 Hpyer nacbi, HaxonJHimecfl b pa 3 - 
hmx KOHuax Kopa6jia. JJjifi 3Toro c noMombio HCTOHHHxa, Haxonxmerocji 
Henonanexy oTHocHTejibHo xopa6jm h pacnojioaceHHoro b cepenHHe, 
nojnxHa np 0 H 30 HTH Bcnbinixa. Ecjih cbct nomeji ojjHOBpeMeHHo no 060- 
hx nacoB, to ohh nayr chhxpohho. 3 to othochtca k cncTeMe, cB« 3 aH- 
hoh c Kopa6jieM. 

B cncTeMe oTcneTa, OTHocHTejibHo xoTopon nBH>xeTCJi xopa6jib, no- 
jio>xeHHe HHoe. Hacbi Ha Hocy xopa6jui ynajunoTca ot toto MecTa, rne 
npoH3onuia Bcnbinixa, CBeT npeononeBaeT paccToaHHe 6ojibme noaoBH- 
Hbi KOpa6jia. HanpoTHB, Ha xopMe nacbi npH6jiH>xaK)TCfl k MecTy Bcnbim- 
kh, h nyTL oxa3biBaeTCH MeHbrne nojioBHHbi xopa6jia. HaGnionaTenb 
npH.neT k BbiBony - cnniaJi nocrameT nacoB HeoanoBpeMeHHo. 4acbi 
6ynyT hhth HeonniiaKORO. 

Bbieodbi: 

• OnHOBpeMeHHocTb npocTpaHCTBeHHO pa3nejieHHbix co6bithh 
OTHOCHT eJIbHa. 
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• IIpHHHHOH flBjifleTcs KOHe^HOCTb ckopocth pacnpocTpaHeHHfl 
cnrHajiOB. 

J^OMauiHee TaqaHHe 

n. 77. 


AonoJiHHTejibHbm MaTepnaJi 

KpH3Hc KjiaccHMecKHx npeACTaBJiemift 
o npocrpaHCTBe h BpeMeHH 

BHanajie bctiomhhm, hto KOHuenuna CBeTa OpeHejia BKJiioMajia npH3HaHwe 
cymecTBOBaHHJi 3<j)Hpa, 3anojiHJnomero Bee npocTpaHCTBO h npoHHxaiomero bo 
B ee TeAa, b kotopom pacnpocTpamuiHcb CBeTOBbie boahn. KoHuenunji cBeTa 
MaxcBejuia noHATHe 3(|)Hpa c^ejiajia He HyacHbiM. HecMOTpa Ha sto, KOHqenuHH 
3<j)Hpa He coiuna c apenw <J> H3 hkh. ^eno 3aKAK)HaAocb b tom, hto ypaBHeHHH 

3JieKTp0AHHaMHKH MaKCBCAAa 6bIAH CnpaBe,miHBbJMH B OAHOH CHCTeMe KOOpAH- 

HaT h HecnpaBeAJiHBbiMH b ^pyrow, ABHacymeiiCH npJiMOJiHHeHHo h paBHOMepHO 
OTHOCHTejibHo nepBOH. ICnaccHHecKaH MexaHHxa, ncxoAHBiuaa m 3 npH3HaHH« 
cymecTBOBaHHJi a6coAK>THoro BpeMeHH, eflHHOro Ana Bcex chctcm OTcnera h 
jno6bix HaSjHo^aTe^eH, npH3HaBajia, hto paccTOHHHe Meacjiy AByMa TOHKaMH 
n pocTpaH ctbb aoahcho HMeTb oaho 3HaneHHe bo Bcex cwcTeMax xoopAHHaT, hc- 
noJib3yeMbtx ajih onpeaeJieHHH noAoaceHHa Teji b n pocTpaHCTBe (t. e. AaHHoe 
paccTonHwe aBAaexca HHBapHaHTOM). ITpeo6pa30BaHHe rajiHJieji onpeAeAaAO 
npeo6pa30BaHHe xoopAHHaT npH nepexo^e ot oahoh cwcTeMbi oTcneTa k Apyrofi. 
liHane roBopa, ecAH, HanpHMep, ypaBHeHHa HuoTOHa 6buin cnpaBeAnHBbiMH b 
CHCT eMe KOOpAHHaT, CBfl3aHHOH C HenOABHHCHbJMH 3BC3A3MH, TO OHH OKa3bIBa“ 
JiHCb cnpaBeAJiHBbiMH h b Apyrnx chctcmbx OTcneTa, KOTopbie ABHrajincb npa- 
MOJIHHeHHO H paBHOMepHO OTHOCHTeAbHO ABHHbIX HenOABH)KHbIX 3BC3A- TaKHM 
o6pa30M, noAynajrocb, hto ypaBHeHwa MaKCBeajra cnpaBeAAHBbi mnbico b oahoh 
CHCT eMe OTcneTa, CBA3aHHOH c HeKoefi cpeAOH, 3anoA Haiomeii bck> BceAeHHyio. 
Bot ary cpeAy h npOAOAacaAH cnnTaTb 3(})HpoM. Bee pasAHHHe c nepBOHanaAb- 
HOH TpaKTOBKOH 3<])Hpa 3aKAK)HaAOCb B TOM, HTO eCJIH paHbUie nOA 3(J)HpOM no- 
HHMajiH ocoSyro ynpyryio cpeAy, KOTopaa 6biAa cnoco6Ha nepeAaBaTb CBeTOBbie 
KOAe6aHHH, to Tenepb 3())Hpy cTaAa oTBOAHTbca pojib aGcTpaxuHH, hcoGxoahmoh 
AA a 4>HKcaqHH Tex CHCTeM orcneTa, b KOTopwx cnpaBeAJiHBbi ypaBHeHna Max- 
CBeAJia. OAHaxo h AaHHyio poAb 3([)Hp nrpaTb He Mor. 

H3yneHHe CBeroBbix hbachhh b ABHacymenca CHCTeMe KoopAHHaT npeAnoAa- 
raAO OnpeACACHHe CKOPOCTH AaHHOH CHCTeMbI KOOpAHHaT OTHOCHTeAbHO 3([)Hpa. 
OAHaxo HHKOMy He yAaBaAOCb b 3KcnepHMeHTe o6Hapy>KHTb ABHaceHHe 3eMAH 
OTHOCHTeAbHO 3<j>Hpa, HTO HaXOAHAOCb B npOTHBOpeHHH C KAaCCHHCCKOH TeOpH- 
efi. 3HaMeHHTbiH 3KcnepHMeHT MafiKeAbcoHa-MopAH (1887 r.) Bee comhchhh 
nOAHOCTbK) OTBepr H n03BOAHA OKOHHaTeAbHO OTKa3aTbCA OT KOHqenuHH 3([)Hpa. 
T.A. JIopeHq nonbiTancA oTpnqaTeAbHbiH pe3yAbTaT aKcnepHMenra MaHxeAbcoHa- 
MopAH corAacoBaTb c cymecTByiomHMM TeopHSMH, Bbicxa3aB npeAnoAoaceHHe o 
TOM, HTO TeAa npH CBOeM ABHMCeHHH OTHOCHTeAbHO 3<J)Hpa COKpamaiOTCB B pa3- 
Mepax 3Toro ABH>KeHHH. TaKOH noAxoA no3BOAaA coxpaHHTb KOHuenuHio 3 (j)Hpa: 
3^)Hp cymecTByeT, oh HenoABHaceH, abh^kchhc TeAa OTHOCHTeAbHO 3c})Hpa o6Ha- 
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pyjKHTt HeB03M05KH0, noCKOAbxy b HanpaBJieHHH abhacchha Tejio MeHJier cboh 
pa3Mepw. H3 ypaBHeHHH JIopeHua cacaobsao, hto Bee cbctobuc abachha 6yAyT 
nporexaTb oahhakobo b pa3Hbix cHCTCMax KoopAHHaT, no3TOMy no 3thm sBJieHH- 
am o6Hapy2KHTb a6cojiiOTHoe abhacchhc no othoihchhio k 3<j>Hpy hcbo3mo)kho. B 
CBeTe aroro OTpnqaTejrbHwfi peayjitTaT oKcnepHMenTa MaHxeAbCOHa-MopAH 
Bbirnaaeji Bnojrne ecrecTBeHHbiM, a tohhaa cbh3b Ha6inoAaTeiieH, ABH^cyiunxcs 
paBHOMepHO h np»MOBHHeHHO Apyr OTHOCHTeabHO Apyra, Bbipaxcanacb He npe- 
o6pa30BaHHJ!MH rajiHJiea, a npeo6pa30BaHHXMH JIopeHua. IloHHMaHHe npHHHH 
3aMeHbi npeo6pa30BaHHH ranHJie* npeo6pa30BaHH«MH JIopeHua h bwachchhc 
<|)H3HHecKHX cjieACTBHH 3toh 3aMeHbi noTpe6oBajio nepecMOTpa noHSTHH npo- 
CTpaHCTBa H BpeM£HH. 

BcnoMHHM Taiace, KaK pa3BHBaji HCb npeACTaBjreHHJi o npocrpaHCTBe n Bpe- 
MeHH. n« apHCTOTejibCKOH 4>h3hkh xapaicrepHO npeACTaBjieHne o noxoe ica k 
ecTecxBeHHOM coctoahhh Aio6oro Tena. 3to 3HanHT, hto b ABHxceHHe Tejio mo- 
xcer npHHTH toawco noA AencTBneM chaw hah HMnynbca. CneACTBHeM Taicoro 
npeACTaaneHHa 6wa bwboa o tom, hto TaxceAwe Tena aoaxchw nanaTb c 6ojibiueH 
CKopocTbio, neM aerKHe, t. k. ohh cHJibHee npnTJi raBaiOTCJi k 3eMne. B paMicax 
3T0H TpaAHUHH 3aKOHbl, KOTOpbIM nOAHHHJUiaCb BceAeHHafl, BbIBOAHJIHCb yMO- 
3pnreAbHo h He npOBepa/iHCb Ha onwTe. 

raniuieH, aajioxcHBiiiHH Hanano coBpeMeHHbix npeACraBAeHHH o aaxoHax 
ABHxceHHa Tea, nepawM noABepr comhchhio npeAcraBAeHHa apHCTOTeneBCKOH 
(J)H3 hkh. CxaTbiBaa no maAKOMy OTKOcy uiapbi pa3Horo Beca, FajiHaen yeraHo- 
bha, hto CKopocrb yBejTHHHBaeTca He3aBHCHMo ot Beca Teaa - Ha KaT»meecfl 
tcao BcerAa AenCTByer OAHa h Ta xce CHJia (Bee Tea a), b pe3yabTare Hero cko- 
pocTb Teaa B03pacrana. 3 to o3Hanano, hto npHnoxceHHaa k Teny cnaa He npocTO 
3acTaeA«eT 3 to Teao ABHraTbcs (xax noAararm ao TajiHAea), a H3MeH»eT cko- 
pocTb Teaa. HbioTOH Ha ocHOBe npoH3BeAeHHbix FanHneeM H3MepeHHH BbiBeA 
3aKOHbI ABHXCeHHH. FlepBblH 3AKOH: BCAKOe TCAO npe6bIBaeT B COCTOAHHH nOKOA 

hah paBHOMepHoro npRMOAHHeHHoro ABH^ceHHfl ao Tex nop, noxa AeficTByiomHe 
Ha Hero chaw He H3 mchjit 3to coctoahhc. Btopoh 3 bkoh: npoH3BeACHHe Maccw 
Teaa Ha ero ycxopeHne paBHO AencTByiomeH cnae, a HanpaBAeHHe ycxopeHna 
coBnaAaer c HanpaBAeHHeM chaw. TperHH 3axon: achctbhk) BcerAa cootbctct- 
ByeT paBHoe h npoTHBonoAoxcHo HanpaBAeHHoe AefiCTBHe (HHane: achctbha 
AB yx Tea Apyr Ha Apyra BcerAa paBHbi no bcahhhhc h HanpaaAeHw b npOTHBono- 
AOXCHbie CTOpOHW). KpOMe 3THX 3aKOHOB HbK)TOHOM OTKpbIT 3AKOH BCeMHpHOrO 
TAroreHHji: Bcaxoe tcao npHTarHBaeT Aio6oe Apyroe tcao c chaoh, nponopUHo- 
HaAbHOH uaccaM 3 thx rea. 4eM AaAbrne HaxoAJrrca TeAa Apyr OTHOCHTeAbHo 
Apyra, tcm MeHbine CHAa B3aHMOAeficTBHJi. T paBHTauHOHHaa cHAa npHTsxceHHA 
3Be3AW COCTaBAACT HCTBepryiO HaCTb CHAW npHTAXCeHHA T3KOH xce 3Be3AW, pac- 
nOAOACeHHOH Ha BABOe MeHbineM paCCTOAHHH. ^aHHHH 3aKOH n03B0A«eT c 
6oAbUI0H TOHHOCTblO BWHHCAATb Op6HTbI nABHCT. 

ECAH AHA ApHCTOTeAA COCTOAHHe nOKOA CHHTaAOCb npeAnOHTHTeAbHWM (ec- 
ah Ha tcao He ACHCTByer KaxaA-TO cana), to H3 aaxoHOB HbioTOHa cacaobbao, 
hto eAHHoro araAOHa noicoA Her. 3 to 3HaHHT, hto moacho cnaraTb tcao A abh- 
xcymHMCA OTHOCHTeAbHo noKOAtuerocA Tena B h Hao6opOT - CHHTan* tcao B 
ABHAcymnMCA OTHOCHTeAbHo noKOHmerocA tcab A. OrciOAa cAeAyer, hto HeB03- 
MOACHO OnpeAeAHTb, HMeAH AH MeCTO ABa C06wTHA B OAHOH TOHKe n pOCTpaHCTBa, 
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®cjih ohm npoH3ouiJiH b pa3Hbie MOMeHTu BpeMeHH. HHane roBops, HHKaKOMy 
coSbiTHio Hejib3« npHnncaTb aScojitoxHoro nojioxceHHJr b npodpaHCTBe (xaK 
'CHHTaJI ApHCTOTejlb). 3tO BblTeKaJlO H3 3 aKOHOB HbKJTOHa. Ho 3T0 npOTHBOpe- 
imhjio H^ee a 6 cojiioTHOro 6 ora. I"Io3TOMy HbioTOH He npH 3 HaBan OTcyTCTBHB a 6 - 
seojnoTHoro npocTpaHCTBa, T.e. Toro, hto cjieAOBano H3 OTKpbiTbtx 3 aKOHOB. 

06ihhm An* ApHCTOTeJiB h HbioTOHa 6bino npH3HaHHe a6cojnoTHoro BpeMe- 
*hh - 06a noJiarajiH, hto BpeMJi MOKAy AByM» co6biTH»MH moxcho n3MepHTb oa- 
|.H03HaHH0 H HTO pe3yjlbTaT He 3aBHCHT OT Toro, KTO OCymeCTBHJieT H3MepeHHH, 
IjiHiiib 6bi 6biJiH b HaJiHHHH y H3Mep«fomero npaBHjibHbie nacbi. BpeMa cnHTajiocb 
f TIOJIHOCTbK) OTA^JieHHbTM OT HpOCTpaHCTBa H He 3aBHCHlAHM OT Hero. 

£ B 1676 r., 3a oAHHHaAAaTb jieT ao BbixoAa «MaTeMaraHecKHx Hanan Haiy- 
y pajibHOH <Jjh;ioco(J)hh» HbWTOHa, a&tckhh acTpOHOM O.X. PeMep ycTaHOBHJi, hto 
r CBeT pacnpocTpaHJieTCH c kohchhoh, xotb h oneHb 6ojibuioH CKopocTbio. Ho 
! AHUib ^.K. MaxcBeJuiy - co3AaTejno KJiaccHnecKOH 3JieKTpoAHHaM hkh - yAanocb 
06’beAHHHTb ABe nacTHbie TeopHH, onHCbiBaBUiHe 3JieKTpHHecKHe h MarHHTHbie 
cHJibi. CorjiacHO c(|>opMyjiHpoBaHHbiM MaxcBe^noM ypaBHeHHJiM, onHCbiBaio- 
iahm 3neKTp0MarHHTHbie HBneHHH b npoH3BonbHbix cpeAax h b BaxyyMe, b 3jreK- 
TpoMarHHTHOM noae MoryT cymecTBOBaTb pacnpocTpaHaioinHeCH c hoctohhhoh 
CKO pOCTbK) BOJIHbl (pAAHOBOJIHbl C AAHHOH MCTp H 6oJiee, BOJIHbl CBepXBblCOKO- 
HacTOTHoro Anana30Ha c a^hhoh nop«AKa caHTHMeTpa, bojihu HH(J)paKpacHoro 
AHana30Ha c a^hhoh ao accbth TbicjiHHbix caHTHMeTpa, BOJiHbi bhahmoto cexTO- 
pa c aahhoh copoK - BOceMbAecHT mhjuihohhmx AOJieH caHTHMeTpa, bojthw 
y^bTpacjjHoaeTOBoro, peHTreHOBCKoro h raMMa-H3JiyneHHji c ajihhoh boahm eme 
6ojiee KopOTKOH. 

H3 TeopHH MaKCBeAJia BblTeKaJlO, HTO paAHOBOJIHbl H CBeT HMetOT <f>HKCHpO- 
BaHHyio cKopocTb pacnpocTpaHeHHH. Ho nocKOjibKy nocjie noHBjieHHJi TeopHH 
HbioTOHa npeACTaBneHHH 06 a 6 cojiK>THOM noKoe yuiJiH b npoimioe, bo3hhk bo- 
npoc: OTHOCHTeAbHO nero H3Mep«Tb cxopocTb. JJfln 3Toro 6 biJio bbcacho noHHTue 
3<twpa - oco6oh cy 6 cTaHqHH, 3anojiH»BiueH npocTpaHCTBO. CTajiH cnuTaTb, hto 
CBeTOBbie BOJiHbi pacnpocTpaH»K)TCJi b 3(tmpe (xax 3ByxoBbie b B 03 Ayxe), a cko- 
pocTb pacnpocTpaHeHHs onpeAenaeTCH oTHocHTejibHo 3<tmpa. Ha 6 jiK>AaTejiH, 
ABH5KyiAHeca OTHOCHTeJIbHO 3(j)Hpa C pa3HbIMH CKOpOCTSMH, AOJDKHbl 6 bIJIH BH- 
AeTb, HTO CBeT K HHM HAeT C pa3HOH CKOpOCTbK), HO CKOpOCTb CBeTa OTHOCHTeJIb- 
HO 3(t>Hpa AOJDKHa OCTaBaTbCH HeH3MeHHOH. 3t0 03HaHaJTO, HTO npH ABH>KeHHH 
3eMJiH b 34>npe no CBoefi opSnTe BOKpyr CcuiHua CKopocTb CBeTa b HanpaBJieHHH 
ABHXCeHHB B CTOpOHy HCTOHHHKa CBeTa AOJDKHa 6 bITb BbTUie no CpaBHeHHIO CO 
CKOpOCTbK) CBeTa npH yCJlOBHH OTCyTCTBHH ABHXCeHHfl K HCTOHHHKy CBeTa. OAHa- 
ko onbiT, nocTaBJieHHbill A. MaHKeAbcoHOM h 3 . MopJiH b 1887 r., b kotopom 
OHH CpaBHHBaJlH CKOpOCTb CBeTa, H3MepeHHyiO B HanpaBJieHHH ABHXCeHHH 3eMAH, 
CO CKOpOCTbK), H3MepeHHOH B nepneHAHKyAflpHOM 3TOMy HanpaBAeHHK) ABH>Ke- 
HHB, nOKa3aJl, HTO o 6 e CKOpOCTH OAHHaKOBbl. (ZJaTCKHH 4>H3HK X. JlopeHA pe3yAb- 
TaT 3KcnepHMeHTa MaHKejibcoHa-MopjiH o6t»jichjia TeM, hto Bee ABH^cymneca b 
34>Hpe oSteicTbi coKpamaioTCH b pa3Mepax, a nacbi 3aMeAAJnoT cboh xoa* 

Cneflyiouxiiii inar caejian A. Shuitchh co3AaHweM cneunajibHOH TeopHH ot- 

HOCHTeAbHOCTH, H3 KOTOpOH BblTCKaAO, HTO npH yCAOBHH OTKa3a OT nOHBTHH 
a6coAK)THoro BpeMeHH HeT HHKaKOH HaAo6HocTH b 3<{)Hpe. (HyTb no3xce aHajio- 
rHHHyfo no3HUHio BbrcKa3aji h A. flyaHKape.) 
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ypoK 89. 3aMe^JieHHe BpeMemi 

Lfejiu: H3yHHTb <j)aicr 3aMe/yieHH5i BpeMeHH; OTpaSaTtmaTt HaBtiKH 
pemeHHs 3a^an. 


Xoa ypoKa 


I. IlpOBepKa AOMauiHero 3aAaHHsi, noBTOpemie 

- IIoHeMy pe3yjitTaTbi 3KcnepHMeHTa MaHKenBcoHa-MopjiH npo- 
THBopenaT KJiaccnqecKOMy 3aKOHy cjiohcchhh cKopocTefi? 

- IToneMy ocymecTBjieHHe co6bithh b HarneM HyBCTBeHHOM boc- 
npHATHH He 03HanaeT hx o^HOBpeMeHHocTH? 

- IIoHeMy, Ha 3Be3^Hoe He6o, mbi Ka k 6bi 30H£HpyeM npo- 

uuioe? 

- Eyner jih onpe^eneHHBiM nopn^oK cjieflOBaHHH co6bithh, ecjiH 
pa3^ejMK>mHH hx npoMexcyroK BpeMeHH 6ojiBiue BpeMeHH, Heo6- 
xoj^HMoro jm* pacnpocTpaHeHHfl cseTa Meacay hhmh. 

II. H3yneHHe hobofo MaTepwajia 

ComacHO KjiaccHnecKHM npe^cTaBJieHHSM, TeneHHe BpeMeHH a6co- 
jiiotho* ripe^noJiarajTocB, hto ^BH^ymne nacBi He H3MeH«ioT cBoero 
pHTMa. 

Ha6nio,ueHHH cbctobbix HBJieHHH noica3BiBaioT, hto ^BHHcymnecH na- 
CBI H3MeHHIOT CBOH pHTM* 

IlyJIBT KOCMHHeCKOrO KOpa6jIH, ABHHcymerOCJI CO CKOpOCTBIO U MO- 
yKCT H3Mep«TB BpeMH no nacaM, noKOHiijHMCH othochtcjibho Kopa6jiH. 

BpeMH /' Ha3BiBaeTc» co6cTBeHHBiM BpeMeHeM. Co6cTBeHHoe BpeMH - 
BpeMH, H3MepeHHoe HaGjno/jaTejieM, flBHHcymHMCH BMecTe c nacaMH. 

BpeMH b Heno,ziBH5KHOH cHCTeMe oTCHera h aBHHcymeecn othoch- 
TeJiBHO Hee, TeneT c pa3HOH ckopoctbio: 

t*t ' . 


t = 


BpeMH Heno^BH^cHoro Ha 6 jno,aeHHH. 


ilBJieHHe 3aMe,aJieHH5i BpeMeHH o6Hapy»CHBaeTCH oiccnepHMeHTajiBHO, 
npH HaSjno^eHHH pacnana HecTa6HjiBHBix 3JieMeHTapHBix nacTHu, tbkhx 
Kan miooh, n-Me30H. Cpe^Hee BpeMH >kh3hh MiooHa, t. e. BpeMH MeHcay 
poTOeHHeM MiooHa h ero pacna^OM, b CHCTeMe noKon b cpe^HeM 
t 0 = 2,2 10 -6 c (t’) . BeM 6BicTpee flBHHceTcn miooh oTHocHTejiBHo Jia- 


6opaTopHOH CHCTeMBi, TeM 6onBiue BpeMH ero ;*ch3hh. 

Ecjih 6bi yaajiocb MaicpocKonHHecKOMy rany coo6ujhtb cxopocTB, 
6jIH3KyiO K CKOpOCTH CBeTa, TO KOCMOHaBT, CTapTOBaBIHHH C 3eMJIH H 
npoBefliHHH b KoeMoce no nacaM paiceTBi 1 ro.ii, c tohkh 3peHHH o6HTaTe- 
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Jiefi 3 eMJiH npoBen b xocMoce, cxaaceM, 10 JieT. B to BpeMa KaK Ha 3 eMJie 
npofiAeT 10 JieT h juojxu nocrapeiOT Ha 10 JieT, Ha paKeTe nponueT 1 roa 
h KocMOHaBT nocTapeer tojilko Ha 1 rojj. 

III. PemeHHe 3a^an 


3adana M 1 

PaKeTa ,ziBH5KeTca othochtcjtlho Heno^BiDKHoro Ha6jn6,uaTejM co 
CKOpocTtK), paBHOH 0,6 CKopocTH CBCTa b BaxyyMe. KaKoe BpeMa npon- 
rct no nacaM HenojiBHacHoro Ha6jno,aaTejia, ecJiH no nacaM, /iBH)KymHM- 
ch BMecTe c paKeToft, nponuio 6 jict? 


/lano: 

u =0,6 c; 
t 0 = 6 JieT; 

c = 310 8 m/c. 

T — ? 


PemeHHe: 

BpeM5i, npomejunee no nacaM Heno;iBH}KHoro Ha- 

'T 

6jHO,aaTejiJi, Haii^eM no (]>opMyjie r = 


f?' 


rjxc t 0 - coGcTBeHHocTt BpeMa; u - CKopocTb paKeTu othochtcjilho He- 
no^BH^KHoro HaOjnojiaTejiJi. 

B AaHHOH 3a^ane BpeMa t 0 mo>kho He BbipaacaTL b cexymiax, a ocTaBHTL 


Bro^ax t = 



. = 7,5 JieT. 

V I-0,6 2 


( Omeem : t = 7,5 JieT.) 


3adana Kq 2 

KaKofi npOMe^cyTOK BpeMeHH nponjjeT Ha 3Be3jjojieTe, ^BHacymeMca 
OTHOCHTeJILHO 3 eMJIH CO CKOpOCTBK), paBHOH 0,4 CKOpOCTH cBeTa, 3a 25 
3eMHBIX JieT? 


/IaHo: PemeHHe: 

u = 0,4 c; npHBejjeHHLie b 3a^ane ^aHHLie othochtch k cncTe- 

t = 25 JieT; Me oTCneTa, cB»3aHHOH c 3eMJien, - cxopocTb Kopa6- 

c = 3 " IQ 8 m/c. ji« u h npOMeacyTOK BpeMeHH t. 

Xo _ ? Heo6xoflHMo Hairra npoMeacyTOK co6cTBeHHoro 

BpeMeHH To, B CHCTeMe, CB«3aHHOH CO 3Be3,aOJieTOM. 
Tax xax npoMeacyrox co6cTBeHHoro BpeMeHH CBH3aH c npoMeacyricoM 


BpeMeHH T, OTCHHTaHHLIM no 3CMHMM HacaM, COOTHOUieHHeM : 

r = 


0 - 


\ c 


, to oTcio,na r ft =r* J 1 


V 
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t 0 = 25-yi~^- = 25- Vi-0,4 2 *23 roaa. 

( Omeem : 23 roaa.) 

IV. noABe^eHHe HToroB ypona 

^OMauiHHfl paooTa 

n. 78. 

P - 1081; P- 1082. 


YpOK 90. B3aHMOCBfl3b MaCCbl H 3HeprMM 

Lfejib: noKa3aTb B3aHMOCBa3b Moxay Maccoft h 3HeprneH. 


Xoa ypoKa 


I. OpraHH3aUH0HHbIH MOMeHT 

II. npoaepKa aoMaiimero 3aaannn, noBTopemie 

- rioneMy npeo6pa30BaHHe rajninefl h KJiaccHHecKHH 3aKOH c;io>Ke- 
HH3 CKOpOCTeH He BepeH npH XlBH^KeHHaX, COH3MepHME»IX CO CKOpO- 
CTflMH CBeTa? 

- C({)OpMyJlHpyHTe peJJflTHBHCTCKHH 3BKOH CJlCOKeHHH CKOpOCTeH. 

- YKaacHTe rpaHHUM npHMeHHMOCTH KJiaccHHecKoro 3aKOHa cjioHce- 
HHfl CKOpOCTeH. 

- KaK pejiflTHBHCTCKHH 3aKOH cjiotfceHHH cKopocTeH coraacyeTca C 
pe3yjibTaTaMH OKcnepHMeHTa MaHKejibcoHa-MopjiH? 


III. Ifoynemie hoboto MaTepnajia 

IloKoameeca Tejio HMeeT onpeaeaeHHyK) Maccy, KOTopyio Ha3biBaioT 
Maccofi noKoa w 0 . 

3aBHCHMOCTb MaCCbl Tejia OT CKOpOCTH: 



HaiiaeM 3aBHCHMOCTb CKOpOCTH OT MaCCbl npH u « c. 
3HaMeHaTeai» mohcho 3anwcaTb b Bnae: 



IIpeHeSperaa , Maaaa BeaHHHHa: 
4 c 
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yMHOHCHB HHCJiHreJib h 3HaMeHaneJib Ha 1 +— — « CHoea npeHe6pe- 

lu* 1 J 1 

raa hjichom , npnxoflHM k m = m 0 +—m 0 u — => Am = m - m 0 . 

4 c 2 c 

npH yBcjiHHemiH KHHerHHecKofi 3HeprHH A E -—m 0 u 2 Bupaacaercs: 



Ecjih H3MeHaerca 3Hepnw chctcmu, to H3MeH«ercji h ee Macca. 
npH XHMHHeCKHX peaKIJHJIX HJIH HarpCBaHHH Tejl B oSblHHMX yCJIO- 
bh«x H 3MeHeHHe 3HeprHH HacrojibKo Majio, hto cooTBeTCTByiomee H3Me- 
HeHHe Maccbi He yaaeTCH o6Hapyaorrb Ha onbrre. JIhiiib npn npeBpame- 
hhjix axoMHbix aflep h 3JieMeHTapHbix nacTHU H3MeHeHHe OHepraH oxa- 

3blBaiOTCa HaCTOJlbKO GOJIblUHMH, HTO H CBS3QHHOC C HHMH H3MeHCHHe 


Maccbi y ace 'umciho, 

KjiaccHHecxaa reopwa pa3^e/iaeT h onpefleuseT flea pa3JiHHHbix BH^a 
MaTepHH: BemecTBO h none. Heo6xoflHMbiM aTpHGyroM BcmecTRa «bjui- 
erca Macca, a nojw - SHepraa. CymecTBywr 3axoH coxpaHeHna Maccu h 
3BKOH COXpaHeHHH 3HepFHH. 

CorJiaCHO TeOpHH OTHOCHTCJIbHOCTH HeT CymeCTBeHHOro pa3J!HHHH 
Meac^y Maccofi h SHepraefi. BemecTBO hmcct Maccy h o6jiaflaer 3Heprn- 
eft, none HMeer 3HeprHio h o6jiaflaer Maccofi. 

Bmccto flByx 3axonoB ecrb oahh 3axoH coxpaneHHs Maccbi - 3Hep- 

nfH. 

ManyHeHHe CojiHua h 3Be3fl HMeior oHeprnio h, 3HaHHT, Maccy. H3- 
jiynaa sHepraio, Cojinue h 3Be3flu repaioT Maccy: 



rio3TOMy pacxajieHHbifi o6pa3eu Bemecraa HMeer 6ojibmyio Maccy, 
HeM XOJIOflHblfi, HO 3TO H3MCHeHHe npaKTHHeCKH HeB03M0XCH0 o6HapyaCHTb 
flaace Ha ohchb HyBCTBHTCJibHbix Becax H3-3a 6ojibiuofi BejiHHHHbi c 2 . 
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IV. PeiueHHe 3a asm 


3adana 1 

3jieKTpOH ^BHtfCeTCfl CO CKOpOCTblO 0,8 CKOpOCTH CBCTa. Onpe^ejiHTt ! 
Maccy aneicTpoHa, OHeprnio noKO» ajieKTpoHa (b aacoyjnix, anejcrpoH - b 
BOJ ibTax), nojiHyio 3HeprHK> ajieKTpoHa, KHHeTHnecKyK) SHepnno 3Jieic- 
TpoHa. 


,HaHo: 

u = 0,8 c; 


PeiueHHe: 

3 HeprHK> noKoa aueicrpoHa Hafi^eM no <J>opMyjie 


i 0 = 9, 1 * 1 0 31 kt; 3HHuiTeHHa E Q = m 0 c 2 , 


c = 3 - 10 8 m/c. 

Ee — ? 


pzje mo - Macca noicoa aneiopoHa, BenHHHHa no- 
CTOflHHaa. 


E _ ? E 0 = kz — — = H -m = Rote . 

Ek - ? 

Macca jjBJDKymeroca 3 JieicrpoHa 3 aBHCHT ot ckopocth jxBH^ceHHa h cba- 

m Q 

3 aHa cooTHoineHHeM m = , . 




nojmaa 3Hepnw aneicrpoHa E = mc : 


llojiHafl SHepraa Taioxe paBHa cyMMe SHepran noicoa h KHneTHHecKOH 
3HeprnH ^BH>KeHHa: E - E 0 +E k , OTOoaa HaiiaeM KHHeTHHecKyio 3Hep- 
thio aneKTpoHa: E k = E + E 0 . Bmhhcjihm 3th BeaHHHHbi: 

E 0 =9, MO' 3 ' -3 2 (10 8 ) 2 = 81,9 • 1 0' 3I+16 =8,19- 10' 14 ftK. BbipasHM 3Hep- 
rHio 3JieKipoHa b 3JieKTpoH-BOJibTax, yHHTMBaJi, hto 1 sB = 1 , 6 - 10 10 /l*. 

O 10,1 rj -' 4 

E a = «5,12-10 5 «0,512-10 6 3B. 

0 1 , 6 - 10“ 9 

Macca aBHacymeroca 3JieKTpoHa: 

9,1-10“ 31 9,1 -10“ 31 ~ 

m = = s 15,2-10 31 w 1,52-10 30 kt. 

, 0,8c 2 Jl-0,8 2 


1 5, 2 • 1 0" 31 * 1,52-10“ 30 kt. 


11-0,8- 


riojiHaa 3HeprHH 3JieKTpOHa: 

£» 1,52-10' 30 (3-10 8 ) 2 «13,68-10“ 14 »13,7-10“ 14 ft k. 

KHHeTHqecKaa aHeprwa 3jieKTpOHa: 
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E t «13,710' l4 -8,19-10' 14 « 5,49 • 10' 14 *5,5 -10“' 4 
(Omeem: £ 0 « 8,2- lO' 14 = 0,52 MaB; m = l,52 10~ 30 k r; 

£«13,7-10' 14 ,0*; E k »5,5 10" 14 tt*.) 

3adana A? 2 

HaHHHK c 2 Kr boabi HarpenH ot 10°C ro KHneHH5i. Ha ckojibko H 3- 
MeHHJiact Macca bo^li? ( Omeem : yBejiHHHJiacb Ha 8,4*10~ J2 Kr.) 

3abana M 3 

Ha ckojilko H 3M6H5ieTCH Macca 1 Kr jib^a npH nJiaBneHHH? {Omeem: 
yBejiHHHBaeTCH Ha 8,4* 10“ 12 kt.) 

3adana M 4 

Ha cKonbKO oTjiHHaexca Macca noKoa npo^yKTOB cropaHHa 1 Kr Ka- 
MeHHoro yrjiH ot Maccu noKoa BemecTB, BCTynaiomHx b peaKUHio? ( Om- 
eem : Macca noKoa npo^yKTOB cropaHHH Ha 3,2* KT 10 Kr MeHtrne.) 

3adana M 5 

HaHTH KHHeTHqecicyio 3HeprHfo ajieKTpoHa (b MsB), ^BH^fcymeroc* 
co CKOpocTbio 0,6 c. {Omeem: 0,128 MaB.) 

V. rio^Be^CHHe HToroB ypoKa 

^OMauiHee 3auaHHe 

n. 80. 

P - 1087; P- 1989. 


Ypoic 91 . KoHTpojibHan pa6oTa 
no Teiwe: «PejisiTHBHCTCKaH MexannKa» 

Ifenb : blijibhtl 3H3HHH ynamHXCH no TeMe «PejurTHBHCTCKa5i Mexa- 
HHKa». 


Xoa ypoKa 
Bapuanm I 

1 . Ecjih 3neMeHTapHaa nacTHua /xbhxcctcm co CKOpocTbio cBeTa, to . . . 

A. Macca noKOH nacTHu paBHa Hyjiio. 

B. HacTwua oGjia.naeT 3JieicrpHHecKHM 3ap*moM. 

B. Ha nacTHuy He .aeficTByeT rpaBHTamioHHoe none. 

T. HacTHua He mo>kct pacna^aTbca Ha ,zjpyrne. 

HaCTHLia MO)KCT yBeJIHHHTb CBOH) CKOpOCTb. 
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2. Hoh, o6naAaioiuHH cxopocrbio 0,6 c, Hcnycxaer (Jkjtoh b HanpaB- 
JieHHH, npOTHBOnOJlO^KHOM CKOpOCTH flBHJXeHHX HOHa. KaKOBa CKOpOCTb 
(|)OTOHa OTHOCHTCJlbHO HOHa? 

A. 0,6 c. 

E. 1 c. 

B. 0,8 c. 

T. 0,4 c. 

A- 1,6 c. 

3. C KOCMHHecKoro KOpaOiia, yaajmiomerocx err 3 cmjih co CKopocn>io 
0,75 c, CTapTyer paxeTa b HanpasjieHHH ^bhjkchhs xopaGjix. Cxopocrb 
paKCTu oTHocHTeJitHO 3 cmjih - 0,96 c. KaxoBa cxopocrb paxenj othoch- 
TejibHo KOpa6jw? 

A. 0,7 c. 

E. 0,75 c. 

B. 0,8 c. 

T. 0,85 c. 

A- 0,96 c. 

4. C K 3 KOH CKOpOCTbK) JXOJDKH 3 JieTCTb paxeTa, HToObl BpCMM B IieH 
3aMe^juuiocb b 3 pa3a? 

A. 2,77- 10 s m/c. 

E. 2,8-1 0 s m/c. 

B. 2,83- 10 8 m/c. 

T. 2,89- 10 s m/c. 

fl. 2,96-10* m/c. 

5. BHeuiHee sjiefrrpHHecxoe nojie coBepuiaeT pa6oiy 0,26 v”d no yc- 
KopeHHio 3jieicrpoHa. C kbkoh CKopocrbio 6y^eT ^BHraTbca sjiexrpoH, 
ecjiH ero HanajibHaa cxopocrb 0,5 c? 

A. 0,6 c. 

E. 0,7 c. 

B. 0,75 c. 

T 0,8 c. 

A- 0,85 c. 


Bapuattm II 

1 . Hoh, nojiy h hbiuhh b ycKopHTeae cxopocrb u = 0,8 m, wcnycKaer 
$otoh b HanpaBJieHHH caoero abtokchhb. Kaxosa cxopocrb 4>orona or- 
HOCHTeJIbHO HOHa? 

A. 1,8 * c. 

E. 0,2 * c. 

B. c. 

r. 0,9 c. 

A- 0,4 -c. 
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2 . JjBa Jia3epHux HMiiyutca H^jiyHaiOTCK b BaKyyMe HaBcrpeny Apyr 
Apyry. C Kaicon cKopocTbio ohh pacnpocTpaHHioTca OTHOCHxejiBHo Apyr 
Apyra? 

A. 2 * c. 

B. c. 

B. 0,5 * c. 
r. 1,5 c. 

ft 0,75 ■ c. 

3. JJse rajiaKTHKH pa36erafOTca ot qejnpa BcejieHHoft b npoTHBono- 
JIOtfCHBIX HanpaBJieHHJIX C OAHHaKOBKIMH CKOpOCTJIMH 0,8 C OTHOCHTeJIBHO 
qeHTpa. C xaKOH cxopocTbio ohh yAajrxioTCR flpyr ox Apyra? 

A. 0,97 c* 

B. 0,972 c. 

B. 0,974 c. 

r. 0,976 c. 

ft 0,09 c. 

4. PaxeTa ABH>xeTC5i co cxopocTuo 0,968 c. Bo ckojibko pa3 BpeMa, 
H3MepeHHoe b paxeTe, OTjiHHaercfl ot BpeMeHH, H3MepeHHoro no HenoA- 
BH5KHUM HacaM? 

A. 5 pa3. 

E. 4 pa3a. 

B. 3 pa3a. 

T. 2 pa3a. 

ft 1,5 paaa. 

5. Kaxyio pa6oiy (b MaB) HaAo coBepuiHTb aah yBeJiHHeHHH cxopo- 
CTH 3JieKTpOHa ot 0,7 c ao 0,9 c? 

A* 0,46 m3B. 

B. 0,5 m3B. 

B. 0,54 m3B. 

T. 0,6 m3B. 

ft 0,66 m3B. 


Omeembi k KonmpojibHOu padome: 



HoMep Bonpoca h otbct 

1 

2 

3 

4 

5 

mJBSBSUI HB 

A 

B 

B 

B 

r 

Bapuanm 2 

B 

B 

r 

B 

A 
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TiiaBa 10. M3JiyMeHHe m cneicrpbi 

ypoK 92. Bh jxu H3JiyHeHHH. Hctohhhkh CBeTa 

Ifejib: no3HaKOMHTi> ynamHxca c BH,qaMH H3JiyneHHH. 

Xo/j ypoKa 

I. OpraHH 3 auH 0 HHbiit momcht 

II. H3yHemie Hoeoro MaTepnajia 

CBeT - 3T0 3JieKTpOMarHHTHI>ie BOJIHbl C ZUIHHOH BOJIHbl 4*10~ 7 M H 
8* 10 -7 m. 3jieKTpOMarHHTHi>ie bojihbi H3JiyHaiOTC5i npn ycnoBHH ycKO- 
peHHoro ABH^KeHHa nacTHq. 3 th 3apjDKeHHbie nacTHUbi bxo^t b cocTaB 
aTOMOB, H3 KOTOpbIX COCTOHT BemeCTBO. BHyTpH aTOMa HCT CBCTa. 

toto hto6m aTOM Hanan H3JiyHaTb, eMy Heo6xoAHMO nepenaTb 3Heprnio. 
H3Jiyna a, aTOM TepaeT nojiyneHHyio 3HeprHio h fljia CBeneHiia BemecTBa 
Heo6xO,IIHM npHTOK 3HepTHH K aTOMaM H3BHe. 

Tewioeoe mjiyneHue 

npH CTOJIKHOBeHHH 6bICTpbIX aTOMOB (HJIH MOJieKyJl) ^pyr C ApyrOM 
HaCTb HX KHHeTHHeCKOH OHepTHH npCBpamaeTCfl B 3HepTHK) B036y^e- 
hha aTOMOB, KOTopbie 3aTeM H3nyHaiOT CBeT (Cojmqe, jiaMna HaicajiHBa- 
hha, iuiaMa h Ap ). 

3 jieKmpo.iK)M u nee pen p uh 

npH pa3pa^e b ra3e 3jieKTpHHecKoe none yBejiHHHBaeT E k 3Jieicrpo- 
hob. BbiCTpbie 3JieKTpOHbi B036yacnai0T aTOMbi b pe3yjibTaTe Heynpyroro 
coynapeHHa c hhmh. Bo36yacneHHbie aTOMbi oxaaioT 3Heprnio b BH#e 
CBeTOBbix bojih (Tpy6icH njw pemiaMHbix HannHceii, ceBepHoe cnaHHe h 
npyrne). 

KamodojuoMUHeciteHitUR 

CBeneHHe TBepnwx Ten, Bbi3BaHHoe 6oM6apnnpOBKOH 3 thx Ten 3JieK- 
TpOHaMH (sjieKTpOHHO-JiyneBbie Tpy6KH TeneBH30p0B). 

XeM ujj fOM UHecpenpun 

3jieiapoHbi B036y>icnaK)Tca ot xHMHHecKHx peaKunn (cbctjuihkh h 
npyrne acHBbie opraHH3Mbi, 6aicrepHH, HaceKOMbie, MHorae pbi6bi). 

0omo/uoMUHeciieHiiUR 

Ila^aiomHH Ha BemecTBO cbct B036yacnaeT aTOMbi BemecTBa, nocne 
Hero ohh H3JiyHaioT CBeT (cBeTamneca KpacKH). 
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i 

v 


| BncnepuMeHm 1 

l H 3 roTOBjieHHe 6 opHoro jnoMHHO(j)opa. B Boue pacTBopwoT xbohhwh 
- icoHueHTpaT. Ha iuiacTHHicy H 3 MeTajma HacbinaioT nanHyio Jiotfcicy 6 op- 
^hoh khcjiotli. B Hee bbouht pacTBop xBOHHoro KOHueHTpaTa, noxa pac- 
^TBop He npeBpaTHTCH b icaiiiHuy. 3 aTeM iuiacTHHicy HarpeBaioT Ha 3 JieK- 
' TpHnecKOH rniHTKe, npH 3 tom Boj^a HcnapfleTca. CocTaB HarpeBaioT uo 
[ nnaBjieHHa. Ilocjie ocTbraaHHfl jiiomhho 4 >op totob. 


3KcnepuMenm 2 
OnyopecuHpyiomHe hchukocth. 

CTeKJIHHHyiO KIOBeTy HanOJIHHTB HHCTOH BOflOH H nOCMOTpeTB Ha Hee 
c6oKy - Jiyq b Boue He bhuch. Ecjih Bouy 3aMeHHTb KepocHHOM, to BHyT- 
pH KioBeTw npocMaTpHBaeTca CHHeBaTO-Genecaa nonoca. IIpHHHHa - 
(jmyopecueHUHfl icepocHHa. 3 to mohcho Ha6jiiouaTb b uiaMnyHe «5I6 jioh- 
HUH» H «CoCHa». 


3aeucuMocntb u3JiynenuH HaKanenHbix men om meMnepamypbi 
H3JiyHeHHe HaicajieHHbix Teji oneHb chjibho 3aBHCHT ot TeMnepaTypbi. 
C noBbimeHHeM TeMnepaTypbi o6iuee KOJinnecTBO H3JiynaeMOH 3HeprHH 
3aMeTH0 yBejiHHHBaeTCfl, ho Han6ojiee 6biCTpo HapacTaeT hhtchchb- 
HOCTb bh^hmmx jiyueft. 

III. 3aKpeimeHHe myueHHoro 

~ B neM npOHBJMeTca TenjiOBoe ueiiCTBHe cBeTa? 

- Hto Ha3biBaeTca jnoMHHecueHinieH? 

- flaHTe 06'bacHeHHe jjByM bh^bm jnoMHHecueHUHH - <J)jiyopecueH- 
HHH H (J)OC(J)OpeCUeHHHH. 

IV. IIoABe^eHHe HToros ypOKa 

floMauinee lauaHiie 

n. 81. 


YpoK 93. JIa6opaTopHa$i pa6oTa 
no Teiwe: «Hcnojib30Bamie 3aBHCinviocTn moiuhocth 
T enjiOBoro H3Jiy*ieHHH Tejia ot ero TeMnepaTypw>y 

Lfenu: ycTaHOBHTb 3KcnepHMeHTanbH0 3aKOH 3aBHCHMOCTn ouhoto 
napaMeTpa ot upyroro b <j>H3HuecKOM npouecce; HccueuoBaTb 3aBHCH- 
MOCTb moiuhocth H 3JiyueHHH Harperoro Teua ot TeMnepaTypbi. 

Xoa ypoKa 

IIOpHUOK BbinOJIHeHHfl 

1 . Hcnojib 3 ya oMMeTp, H 3 MepbTe sjieicrpHHecKoe conpOTHBjieHne R 
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hhth jiaMnu npH KOMHaTHoii TeMnepaType. IlpH H 3 MepeHHH yMTHie 
BJIHHHHe COeAHHHTeJIBHMX npOBOAOB Ha pe 3 yJIBTaTfcI H 3 MepeHH^. JJjlH 
3 TOTO, nocjie H 3 MepeHHA 3 AeKTpHHeCKOTO COnpOTHBACHHfl HHTH JiaMIIM 
COeAHHHTe KOHUbI npOBOAOB, COeAHHHIOmHX OMMeTp c BBOAaMH JiaMnu, 
H CHHMHTe nOKa 3 aHHH OMMeTpa. Jinx HaXOXCACHRH COnpOTHBJieHHH Rj 
hpkho BunecTb H 3 nonyneHHoro b nepBOM H 3 MepeHHH 3 HaHeHHJi o 6 mero 
conpoTHBAeHJW Rot npOBOAOB h hhth naMnu 3 HaneHHe conpOTHBAemw 
npOBOAOB Rnp, nojiyneHHoe bo btopom H 3 MepeHHH: 

= R o6 ~ R n p 


2 . Hcnojib 3 yji ^opMyjiy R { = Rq (l-or/) BbiHHCJnrre R^ = 


1 + at 9 


rAe t - TeMnepaiypa B03Ayxa b KOMHaTe, a = 5 • 10 -3 K' 1 . 

3 . Co 6 epHTe 3 neKTpHHecKyio uenb H 3 JiaMnu, HCTOHHHKa nocTOHHHO- 
to TOKa, BOAbTMerpa h aMnepMeTpa (cm. pHc. 88 ). 



IIoAaHTe Ha naMny HanpiOKeHHe c AByx nocAeAOBaTejibHo coeAHHeH- 
HblX raAbBaHHHeCKHX 3ACMCHTOB HJIH 3 BOJlbTa C BbIXOAa HCTOHHHKa no- 
CTOHHHOrO TOKa. 


H 3 MepbTe cHjiy TOKa / b uenn h HanpaaceHne U Ha naMne. Pe 3 yjibTa- 
tm 3 aHecHTe b Ta 6 nHuy: 


U, B 

I, A 

P, Bt 

R t , Om 

T,k 







4 . rioBTOpHTe H 3 MepeHHJi, HcnoAb 3 yn 3 , 4 h 5 nocneAOBaTenbHO co- 
eAHHeHHbix 3 JieMeHTOB. Pe 3 yJibTaTbi 3 aHecHTe b Ta 6 AHuy. 

5 . MomHocTb P AOJWCHa yBenHHHBaTbcfl c yBenHHeHneM a 6 cojnoTHon 
TeMnepaTypu hhth. npeAnojio>KHM, hto 3Ta 3 aBHCHMOCTb BbipaacaeTca 
4>opMynoH: 

? = ar, 

rAe n - tienoe hhcjio. 

BbIHHCAHTe: 


P P P P P 
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sH'H i P 

6. nocrpoHTC rpa(J)HK 3aBHCHMOcreii OTHoruenHx — ot T jyw pa3- 


' Hhix 3nanenHH n. Ecjih ajih oahoto H 3 3HaneHHH n rpa(f>HK 6y^er ropn- 
30Hraju>H0H npflMOH, to npeAnoAoxeiuie o cbjbh moihhocth H3JiyMCHH« 

P c TCMnepaiypoH T no 3ajcoHy P- a T" aa» AaHHoro n oKaxceTca 3KC- 
nCpHMCMTaJlbHO nOJTTBep^eHHUM. 


KoHTpoJibHbie Bonpocu: 

1 . KaKHM o6pa30M b abhhoh pa5oTe onpe^ejmerca TeMneparypa hhth? 

2. KaKHM o6pa30M onpe^ejuuiacb Moiunocrb Teruioeoro H3JiyneHHa 
hhth jiaMnu? 


3. C KaKOH HCJILK) CTpOHJlCft rpa<J)HK 3aBHCHMOCTH OTHOUICH HU — OT 


T npH paawmiMX 3 HaneHHax nl 

4. Ejih3ich jih nojiyneHHue bbmh peayjibTaTbi 3KcnepHMema k pe- 
3yjibraTaM HccneAOBaHHH Cre^aHa h EojibUMaHa? 


ypoic 94. CneKrpw h cnempajibHUH anajiH3 

Ifejib: noxa3aTb npaxTHHecKyio 3naHHMOcn> cneierpajibHoro aHajiroa. 

Xoa ypoica 

L OpraHH3ailHOHHUH momciit 
II. ShyneHHe hoboto MaTcpHajia 

Cjiobo «cneicrp» b <j)H 3 Hicy bboji Hbiotoh, HCnojiMoeaBiiiHH ero b 
cbohx HaynHBix TpyAax. B iiepeeoAe c KJiaccinecicoH /iarbiHH cjiobo 
« cneicrp» 03 HaHaer «Ayx», «npHBeAeHHe», hto aobojibho tomho OTpaaca- 
er cyn> abjichha - B 03 HHKH 0 BeHHe npa 3 AHHHHOH pa^yrn npH npoxoxcAe- 
hhh 6 ecuBerHoro cojmenHoro CBcrra nepe 3 npo 3 paHHyio npH 3 My. 

Bee hctohhhkh He azuot caer exporo onpeAeneHHofi ahhhli bojihki. 
PacnpeACJieHHe H 3 JiyneHHX no nacToraM xapaicrepH 3 yeTcx cneicrpajibHOH 
nJlOTHOCTbK) HHTeHCHBHOCTH H 3 JiyneHHfl. 

Tunu cneirrpoB 

Cnercmpbi ucnycKOHUM 

COBOKyiTHOCTb naCTOT (HJIH AAHH BOJIH), KOTOpbie COAepXCaTCH B H3- 
jiyqeHHH Kaxoro-AH6o BemecTBa, Ha 3 bieaioT cnexrpOM HcnycKamw. Ohh 
GblBaKTT Tpex BHAOB. 
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CwiouiHOu - 3to cneKTp, cotfepacamHH Bee ajihhm bojihh onpe^e- 
jieHHoro ,iiHana30Ha ot KpacHoro c y K = 7,6-10~ 7 h ao ({jHOjreTOBoro 
Y$ =4*10“ 7 m. CnJioniHOH cneKTp n3JiynaiOT HarpeTbie TBep^bie h hcha- 

KHe BemecTBa, ra3bi, HarpeTbie no,a 6ojibiiiHM aaBJieHneM. 

JIuHeunambiu - 3 to cneKTp, wcnycKaeMbiH ra3aMH, napaMH Majiow 
njIOTHOCTH B aTOMapHOM COCTOHHHH. COCTOHT H3 OTtfeJIbHbIX JIHHHH pa3- 
Horo hjih o^Horo UBeTa, HMeiomHx pa3Hbie pacnojioaceHHfl. Ka^bin 
aTOM H3JiyHaeT Ha6op 3JieKTpoMarHHTHbix bojih onpeaeneHHbix nacTOT. 
IIo3TOMy Ka>KAbiH xHMHnecKHH 3JieMeHT hmcct cboh cneKTp. 



IJojiocambiu - 3TO cneKTp, KOTOpbift HcnycKaeTca ra30M b MOJieKy- 
JWpHOM COCTOBHHH. 

JlMHennaTbie h nojiocaTbie cneKTpbi mohcho nojiynHTb nyTeM HarpeBa 
BemecTBa hjih nponycKamw 3JieKTpHHecKoro tokb. 


CncKmpbi noznomemisi 

CneKTpbi norjromeHHH nojiynaiOT, nponycKaa cbct ot HCTOHHHKa, 
aaiomero cnnouiHOH cneicrp, nepe3 BemecTBO, aTOMbi KOToporo Haxo- 
^TCfl B HeB036y>KHeHH0M COCTOHHHH. 



Cnexmp nozjiou^enm - 3to coBOKynHOCTb nacTOT, norjiomaeMbix 
naHHbiM BemecTBOM. CorjiacHO 3aKOHy Kwpxro^a, BemecTBO nomonjaeT 
Te jihhhh cneKTpa, KOTOpbie h HcnycxaeT, HBJuiflCb hctohhhkom cBeTa. 

OTKpbiTne cneinpajibHoro aHajiH3a Bbi3Bajio hchboh HHTepec Aa>Ke y 
ny6jiHKH, aaueKOH ot HayKH, hto no TeM BpeMeHaM cjiynaaocb BecbMa He 
nacTO. KaK Bcerna b tbkhx cjiynaflx, ,nocy>Kne jno6HTejiH OTbiCKajiH 
MHO)KecTBO .apyrnx yneHbix, KOTOpbie bko6m Bee c^ejiajin 3 aaojiro ao 
KHpxro<j)a h ByH3eHa. B otjihhhc ot MHoacecTBa cbohx npe^mecTBeHHH- 
kob, Knpxro4> h EyH3eH cpa3y ace noHBjin 3HaneHHe CBoero otkpmthb. 
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Ohh BnepBbie othctjihbo yacHHJiH ce6e (h y6e^HJiH b stom Apyrnx), hto 
cneicipajibHue jihhhh - sto xapaicrepHCTHKa aTOMOB BemecTBa. 

riocjie OTKpbiTHJi KHpxro<j)a h EyH3eHa 18 aBrycTa 1868 r. (J)paHuy3- 
ckhh acTpOHOM FIbep-)KK)Jib-Ce3ap ^CaHceH (1824-1907) bo BpeMJi coji- 
HeHHoro 3aTMeHHH b Hhahh Ha6jno,aaji b cneicipe cojihchhoh kopohm 
aceJiTyio jihhhk) HeH3BecTHOH npHpo^bi. JJpa Mecflua cnycT» anrjiHHCKHH 
4 >h3hk /()K03e4) HopwaHH JIoKbep (1836-1920) HayHHJica Ha6jnoAaTb 
KopoHy CojiHtia He AoacHAaacb cojiHenHbix 3aTMeHHH h npn stom o6Ha- 
pyacwi b ee cneicrpe Ty ace >Kejrryio jihhhio. HeH 3 BecTHbift 3JieMeHT, ko- 
TOpbiH ero HcnycKaji, oh Ha3Baji reJineM, t. e. cojihchhum 3JieMeHTOM. 

06a yneHbix HanwcajiH o cbocm oTKpbiTHH nncbMa bo OpaHuy3CKyio 
aKa^eMHio Hayic, o6a nwcbMa npHuuiH oAHOBpeMeHHo h 6biJiH 3aHHxaHbi 
Ha 3ace,aaHHH AxaAeMHH 26 okt«6ph 1868 r. TaKoe coBna^eHHe nopa3H- 
jio aKa^eMHKOB, h ohh peiumm b necTb 3Toro coGbithh Bbi6HTb naMHT- 
Hyio 30Jioiyjo Me^ajib - c oahoh CTOpOHbi npo<{)HJib )KaHceHa h Jloxbepa, 
c apyrofi - 6or AnnojioH Ha KOJiecHHue h Ha^nncb: «AHajiH3 cojiHeHHbix 
npOTy6epaHueB». 

Ha 3eMJie rejiHH 6 mji oTKpbiT b 1895 r. YHJibjiMOM PaM3aeM b mhhc- 
panax Topnfl. 

Mccjie,aoBaHH« cnexTpoB HcnycicaHHfl h nomomeHHJi no3BOjraeT yc- 
TaHOBHTb KanecTBeHHbiH cocTaB BemecTBa. KojiHnecxBeHHoe co^epnca- 
HHe ojieMeHTa b coe^HHeHHH onpe^ejineTCJi nyTeM H3MepeHHH apicocTH 
cneKTpajibHbix jihhhh. 

MeTOA onpe,aejieHHa KanecTBeHHoro h KOJiHnecTBeHHoro cocTaBa 
BemecTBa no ero cnexTpy Ha3biBaeTCH cneKTpajibHbiM aHajiH30M. 3 h aa 
AJiHHbi bojih, HcnycxaeMbix pa3JiHHHbiMH napaMH, mo^kho yciaHOBHTb 
HajiHHHe Tex hjih hhux 3JieMeHTOB BemecTBa. 3 tot mctoa oneHb nyBCT- 
BHTejibHbiH. Mohcho o6HapyacHTb ojieMeHT, Macca KOTOporo He npeBbi- 
inaex 10~ 10 r. CneKTpajibHbiH aHaAH3 cbirpaji Sojibinyio pojib b HayKe. C 
ero noMombK) 6biJi H3yneH cocTaB 3Be3A. 

EjiaroAapa cpaBHHTejibHOH npocTOTe h yHHBepcajibHocTH, cneic- 
TpaJlbHblH aHaJ!H3 HBJUieTCfl OCHOBHbIM MeTOJXOM KOHTpOJIH COCTaBa Be- 
mecTBa b MeTajuiyprHH h MauiHHocTpoeHHH. C noMombio cneicTpajibHo- 
ro aHajiH3a onpeAeJiaioT xhmhhcckhh cocTaB pyA h MHHepanoB. Cnex- 
TpajibHbiH aHajiH3 mo)kho ripoBOAHTb xax no cneiapaM nornomeHHfl, Tax 
h no cnexTpaM HcnycxaHHfl. CocTaB cjiohchhx CMecefi aHajiH3HpyeTCH no 
MOJieKyjiapHOMy cnexTpy. 

III. 3aKpenjieHue H3yneHHoro MaTtpuajia 

- JlHHeHHaTbie cneKTpbi H3JiyneHHa AaiOT B036y>KAeHHbie aTOMbi, xo- 
TOpbie He B3aHMo,aeHCTBy}OT MexcAy co6oh. Kaxne Tejia hmcjot jih- 
HeHHaTblH CneiCTp H3JiyHeHHJI? ( CwibHO pa3pR0fCeHHbie 203bl u He- 
HacbiiyeHHbie napbi.) 
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- KaKOH cneKTp ^aioT pacKanetmue Ao 6 ena Merajuibi, paciuiaBjicn 
huh Merajui? (Ctuioumou.) 

- KaKOH cneicrp mohcho HafrmoAaTb c noMombio cneKTpocKona ot 
pacKaJieHHOH cnnpajiH aneicrpHnecKOH jiaMnu? {Cruioumou.) 

- B KaKOH arperaxHOM coctohhhh b jia 6 oparopHJtx cneicrpaJibHoro 
aHamoa HccjieflyiOT jno 6 oe eemecrBo ajw onpe^ejieHHH ero ajie- 
MetrrapHoro cocraBa? (B 3 a 30 o 6 pa 3 HOM.) 

- IToneMy b cneicrpe noruomerow oahopo h Toro we XHMHneCKoro 
3 JieMeHTa TeMHhie jihhhh tohho pacnojioweHu b Mecrax hbcthhix 
jihhhh JiHHeHHaroro cneicrpa HuiyneHHH? ( AmoMbi Kaotcdozo xu- 
MUHecxozo 3 JieMenma nozjioiyatom mojibxo me nynu cnexmpa , ko- 
mopbie ohu comu U 3 Jtyyatom.) 

- Mto onpeAensercx no jihhhhm norjioineHHa cojiHenHoro cneinpa? 
(XuMUHecKuu cocmae amMoetpepu Cojmya.) 

j^oMauiHee 3aaaHRe 

n. 81-84. 


ypoK 95. JlaGopaTopHan pa6oTa 
no TeMe «Ha6jiiOAeHHe cnjioin Horo h AHiieH'iaioro eneKxpoB» 

Ooopydoeauue : npoeKUHOHHbitf annapar; cneiopaJibHue Tpy 6 KH c 
BOAOpOAOM, HeOHOM HJ 1 H reJIHCM', BbICOKOBOJI bTHUH HHAyKTOp; HCTOHHHK 

nHTaHHa; urraTHB; coeAHHHrejibHwe npoBo^a (3 th npn6opbi kbiwiotch 
o6jhhmh wk Bcero KJiacca); cTeKJWHHaa luiacxHHa co cKoineHHbiMH rpa- 
hhmh (BbmaeTCH KawAOMy). 


Xoj\ ypoKa 

I. npoeeACHHe iiccnepHMeirra 

1. Pacnojiowme njiaciHHy ropraoHrajibHO nepeA uiajOM. Ckbo 3 b rpantf, 
cocraBJwnoiuHe yrcui 45°, HafwuoAairre cBernyio BepTHKajibHyio nonocicy Ha 
DKpane - H3o6paweHHe paaABHWHOH mean npoeiaxHOHHoro aimapara. 

2 . BbiAeJiine ocHOBHbie unera nojiyMeHHoro ciuiouiHoro cneicrpa h 
3 anHiHHre hx b HaGmoAaeMOH noc jieAOBaTCJibHOCTH . 

3. rioBTopHTe onbrr, paccMaTpHBaa nojiocKy nepe3 rpaHH, o6pa3yio- 
iuhc yroji 60°. 3anHUiHre paxriHHHH b bhac cneicrpOB. 

4. HaGjuoAaHTe JiHHeHHaTbie cneKTp bi BOAopoAa, renwa hjih neoHa, 
paccMaTpHBax cbcth mneca cneinpajibHue TpyGicw ckbo 3 i» rpann creK- 
jw hhoh ruiacTHHW. 3anHunrre nan6oAee apKHe jihhhh cneicrpoB. 

JloMairniee shaihhc 

n. 81-84. 
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ypoK 96 . HH<t>paKpacHoe h yjibTpa<J>HOjieTOBoe mjiyneHHe 

Ifejib: pacniHpHTb 3HaHHH 06 3JieKTpoMarHHTHbix Bojmax. 

Xoa ypoKa 

I. OpraHH3aaHOHHblH MOM6HT 
IL noBTopeiwe 

- Kaxoft cneKTp /jaioT Tena, cocToamne H3 HeB3aHMO^eftcTByiomHx 
Me^czzy co6oh B 036 y>K£eHHMx MojieKyji? ( Tlonocnambie .) 

- Mcm OTjiHnaioTCfl jiHHeHHaTbie cneierpbi H3JiyHemw paajiHHHbix xhmh- 
necKHx 3JieMeHTOB? ( KonmecmeoM , pacnonootcenueM u yeemoM jiuhuu.) 

- /Jjiji onpefleneHHJi XHMHnecxoro cocTaBa BemecTBa Heo6xo^HMo c 
noMombio cneicrpoMeTpa Hccjre^oBaTb cnexTp H3JiyHeHiw h cpaB- 
HHTb ero c KaTajioroM cneicrpoB H3JiyHeHHH xhmhhcckhx 3JieMeHTOB. 
^to nun 3Toro Hy^HO c^ejiaTb c HeGoubinon nacTbio BemecTBa? 
( Haapemb pacwiaeumb u ucnapumb.) 

- npojiojDKHTe npe/yioaceHHe: «FIo cnexTpajibHOMy 3axoHy KHpxro(})a 
aTOMbi xa)x^oro xHMHHecxoro 3JieMeHTa nomomaiOT TOJibKO Te jiynn 
cnexTpa, KOTOpbie ...» (ohu ccmu u3Ji)watom.) 

- HeM OTjiHnaioTca cneKTpbi H3JiyqeHHfl Menu h CTajiH, HarpeTbix ro 
1000 °C? (JlpaKmuHecKu ne omnunaiomcH dpye om dpyaa u xejvuom- 
CH CWlOtUHblMU .) 

- no KaKHM CneKTpaM M05KH0 I3pOH3BO,HHTb CneKTpaJTbHblH aHaJTH3? 
(TJo JiiwemambiM , noznou^enm u ucnycmmx.) 

- KaxoH XHMHnecKHH 3jieMeHT BnepBbie 6bui OTxpbiT Ojiaro^apa cnex- 
TpajibHOMy aHajiH3y? ( rejiuu .) 

- ^TO OnpejjeJlfllOT H3Mep5Ifl HHTeHCHBHOCTb CneKTpajlbHblX JIHHHH 
3JieMeHTa? (Koiimecmeo dcimoao aneMenma e uccxedyeMou npo6e) 

III. H3yneHHe HOBoro MaTepwajia 

HexoTopbie ajiexTpoMarHHTHbie bojihbi paHee He JoynajiHCb. Ho 3th 
BOjiHbi OKpy^aiOT nejioBexa h HMeiOT .hjiji Hero Ba>KHoe 3HaneHne. 

UnfppaKpacHoe tmiyneHue mu meruioeoe 

3KcnepimeHm 



TCMJlOripHCMHHK 


Puc. 91 
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1 . EyflCM H3MeHflTb paCCTOflHHe OT HCTOHHHKa H3JiyHeHH5I flO TipHeM- 
HHKa. 

Bonpoc: H3MemieTC« jih HHTeHCHBHOCTb H3JiyHeHH*i no Mepe yjjajie- 

HH« OT HCTOHHHKa? 

2. JIoMeTHTe Meac^y npneMHHKOM H3JiyHeHHH h hctohhhkom H3Jiyne- 
HH3 jihct 6yMarn. 

Bonpoc : nponycKaeT jih 6yMara HH^paKpacHoe H3JiyneHHe? 

3. IIooHepejmo noMecTHTe jihct CTaHHOJui h jihct 6yMarn ueyfqjy hc- 
tohhhkom H3JiyneHH5i h npneMHHKOM. 

Bonpoc : KaKOH npejjMeT Jiynnie nponycKaeT HH(J)paKpacHoe H3Jiyne- 

HHe? 


yjibmptHpuojiemoeoe mnyueHue 


Co6epeM ycTaHOBKy (cm. pnc. 92): 




HCTOMHHK 

y;i bTpa(j>HOJieToaoro 





► 



1. OCBCTHM JIlOMHHeCUeHTHblH 3KpaH. 
3KpaH 6y^eT cBeTHTbca. 



Puc. 92 


2. riOMeCTHM MOKHy 3 KpaHOM H HCTOHHHKOM yjlLTpa^HOJieTOBOrO 
H 3 jiyneHH 5 i CTeioio. 

Ctckjio He nponycKaeT yjibTpa^nojieTOBoe H3JiyneHHe. KpoMe ototo, 
yjibTpa(J)HOjieTOBoe H3JiyneHHe HOHH3HpyeT B03jjyx, OTpaacaeTca MeTaji- 
jiaMH, HMeeT Bbicoxyio XHMHHecicyio aKTHBHOCTb (4>OTo6yMara). 

Bojihm, HMeiomne 6ojibiiiyio jyiHHy, neM KpacHbie, npHHHTO Ha3bi- 
BaTt HH<j)paKpacHbiMH. Ohh 6mjih 0TKpbm>i TeHMejieM (1738-1822), 
acTpoHOMOM h (J)H3hkom, b 1800 r. npH Hccjie^oBaHHH pacnpeaejieHHH 
3HeprHH b cneKTpe c noMombio oneHb nyBCTBHTejibHoro TepMOMeTpa. 

YjibTpa(j)HOJieTOBoe H3JiyneHHe 6buio o6Hapy>KeHO aHrjiHHCKHM <j)H- 
3 hkom BoJiJiacTOHOM (1766-1828) b 1801 r. 


IV. 3aKpenjieHHe loyneHHoro MaTepnajia 

- KaKHe jiynn Ha3bmaioTC« HH(J)paKpacHbiMH? 

- KaKHe Jiynn Ha3bmaioTCfl yjibTpa^nojieTOBbiMH? 

- Ilep eHHCJiHTe CBOHCTBa HH^paKpacHoro h yjibTpa<j>HOjieTOBoro H3- 
jiyneHH«. 

- KaKOBbI HX CBOHCTBa? 

- r,ne ohh npHMeHflioTCfl b TexHHKe h b 6bny? 

- KeM h Kor^a 6biJin oTKpbiTbi? 
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V. IIoABeAeHHe htotob ypoKa 
^OMauiHee 3a.ua Hue 

n. 85. 


ypoK 97. PeHTreHOBCKHe Jiynw 

l l ejib: no3HaKOMHTL ynamHxca c peHTreHOBCKHMH jiynaMH, noxa3aTb 
hx npaxTHHecKoe npHMeHeHne. 

Xo,a ypoKa 

I. OpraHH3aUH0HHblH MOM6HT 

II. H3yneHHe HOBoro MiiTepnajia 

B 1901 r. Ho6ejieBCKHH komhtct UlBe^CKofi axaaeMHH Hayx H36paji 
PemreHa nepBbiM jiaypeaTOM HoGejieBcxoH npeMHH. Hmchho c paSoTbi 
PeHTreHa Hanajiacb uem> SjiHCTaTejibHbix otkpbithh, xoTopyio Pe3ep- 
4>op jx Ha3Baji repoHnecKHM nepnoflOM b hctophh (J>h3hkh, njio,abi koto- 
poro mm cefinac noacHHaeM. 

Ko BpeMeHH oTKpbiTHJi PemreHy 6biJio 50 JieT. Oh Beji pa3MepeHHyK) 
>KH3Hb HeMeuKoro npo(J>eccopa, OTJiHHajica cTporocTbio cyacaeHHH h He- 
3aBHCHMocTbio B3rjiBjiOB. Oh 6bui yneHHKOM Pyaojibtjia Knay3Hyca, a 
Taioxe H3BecTHoro 4>H3Hxa-3xcnepHMeHTaT0pa ABrycTa A^ojib(J)a Kyujx- 
Ta, uiKOJiy KOToporo npomiiH Taioxe 3Ha\ieHHTbie pyccxwe (})H3hkh - 
rteTp HHKOJiaeBHH JleOe^eB h Bopnc Eophcobhh TojiHUbm. 

K 1895 r. PeHTreH 6bui aBTOpOM 50 HaynHbix pa6oT, a ero OKcnepn- 
MeHTaTopcKHH TanaHT 6biJi o6menpH3HaH. 

Bo BpeMeHa PeHTreHa 3HaMeHHTaa Tpy6xa TeHCMepa 6buia H3BecTHa 
yac e 6ojiee 40 JieT, c Hen pa6oTajin caMbie Bbi^aiomHeca (})H3 hkh XIX 
CTOJieTHa, h Bee >k* npHpojja KaTO^Hbix Jiynefi ocTaBajiacb HeBbiacHeH- 
hoh. PeHTreH Taioxe He ocTaBajica k Hew paBHOjjyujeH h npoBO^HJi onbi- 
Tbi. Kax h cothh HccjieAOBaTejieH, Ha6juo,aaji KpacHBoe acejrro-3ejieHoe 
cBeneHHe, KOTOpoe B03HHKano b MecTe na^eHHa KaTO^Hbix Jiynen Ha 
CTeHKy Tpy6bi, OTKjioHeHHe 3Toro naTHa noa ^encTBHeM MarHHTHoro 
nojia h t. 4. 

Tax npo^ojiacajiocb ,no Benepa 8 Hoa6pa 1895 r., xorzja PeHTreH 
B^pyr 3aMeTHji cBeneHHe hojiockh 6yMara, noxpbiTOH (J)JiyopecuHpyio- 
mefi cojibK) 6apna, KOTopaa neacajia b cTopoHe ot paSoTaiomefi Tpy6xn 
KpyKca. Eojiee Toro, Tpy6Ka 6biJia b 3to BpeMa 3aKpbiTa Henpo3paHHbiM 
KapTOHHbIM 4>yTJIHpOM. PeHTTeH He OCTaBHJI 6e3 BHHMaHHa 3TO CJiynaH- 
Hoe Ha6jno,aeHHe: oh 6 mji aocTaTOHHO 3pejibiM h onbiTHbiM HccJie^oBa- 
TeneM, hto 6 u cpa3y noHaTb 3HaneHne cBoero oTKpbiTna. 
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IIocjieAOBajio rum. Hejjejib HanpinxeHHoro xpy^a, b TeneHne Koroptix 
oh Bejieji npHHocHTt eMy namy b naGopaTopHio h aaace nepeHec Tyaa 
CBOK) KpOBaTfc. 

K KOHi^y ;jexa6pfl PeHTreH 3Haji yace Bee ocHOBHbie cBOHCTBa OTxpbi- 
tmx hm X-jiyqen (Tax oh hx Ha3Baji), BXjnoHaa hx 3HaneHHe Me^H- 

HHHbl. 

22 £exa6pfl 1895 r. mo^cho CHHTaTb HanajiOM (})jnooporpa(j)HH: CHH _ 
mok jieBOH pyKH rocnoacH PemreH, nojiyneHHbiH b 3tot jjeHb, Borneji 
Bnocjie,acTBHH bo Bee KHura no peHTreHOBCKHM JiyqaM. 

28 aexaGpJi PeHTreH aoJioaoiJi o pe 3 yjibTaTax cbohx HccjiejjOBaHHH 
OH3HHecK0My oGmecTBy h oTnpaBHJi cTaTbio c onncaHneM cbohctb 
X-jiyneH b HayHHbifi >xypHajr KpOMe Toro, no oGbinaio Tex jieT, oh Hann- 
caji nncbMo bo OpaHuy 3 cxyio axa^eMHio Hayx. 

OTKpbiTHe PeHTreHa Bbi3Bano GecnpeueaeHTHbiH h noBceMecTHbiH 
HHTepec cpejjH yneHbix h umpoxon nyGjiHXH: aocTaTOHHO cxa3aTb, hto 
CTaTbio PeHTreHa b TeneHHe Hecxojibxnx He^ejib H3£aBajiH njiTb pa3 ot- 
^ejibHOH 6pouiK>poH h nepeBejiH Ha Hecxojibxo h3mkob. Tojilxo b xene- 
HHe 1896 r. 6mjio onyGjinxoBaHo cBbirne 1000 HayHHbix pa6oT h okojio 
50 KHHr, nocB^meHHbix H3yqeHHio X-jiyneH, a b MejjHiuiHe X-jiynn CTa- 
jih Hcnojib30BaTb yace nepe3 hcckojibko He^ejib. 

ny6jiH4Hbie noKa3bi HOBoro abjichha npoBO^HJiHCb noBceMecTHO, Ha 
hhx xo^hjih xax b TeaTp, npn bh ae qejiOBenecKHX xocTen Ha axpaHe b 
ny6jiHxe cjiynajincb HCTepHKH h o6mopoxh. 

B Mae 1896 r. 3HaMeHHTbiH 3^hcoh nocTpoHJi b Hbio-ftopxe ^eMOH- 
CTpaijHOHHbiii annapar, xoTopbiil no3BOJWJi xaagjoMy noceraTeJiio yBH- 
^eTb TeHb ot CBoen pyxn. 3tot onbiT oxohhhjich TparnnecxH: .hcmohct- 
paTOp 3,aHC0Ha yMep ot Tflacejibix ohcotob. BeponTHo, h rji* caMoro 
PeHTreHa pa6oTa c X-jiynaMH He nponuia Geccne^Ho: neTBepTb Beica 
cnycTJi oh yMep ot paxa. 

Cnoco6 nojiyneHHB peHTreHOBCxnx Jiynen acho yxa3bmaeT, hto o6- 
pa30BaHHe HX CBH3aH0 C OCTaHOBXOH (HJ1H TOpMOtfCeHHeM) GbICTpO JieTJI- 
mero 3nexTpoHa. JleTaiijHH 3jiexTpoH oxpyaceH 3jiexTpHHecxHMH h Mar- 
hhthbimh nojwMH, h6o £BH)KymHHCfl ajiexTpoH npeacTaBJweT co6oh tox. 

OcTaHOBxa (TopMoaceHHe) 3JiexTpOHa 03 HanaeT H3MeHeHHe MarHHT- 
Horo nojia Boxpyr Hero, H3MeHeHne MarHHraoro hjih ajiexTpnHecxoro 
nojia Bbi3biBaeT H3JiyneHHe 3JiexTpoMarHHTHbix bojih. 3th 3JiexTpoMar- 
HHTHbie bojihw h HaOjiioflaioTCfl b Bnne peHTreHOBCxnx jiynew. JX jm yc- 
TaHOBJieHHH bojihoboh npHpoflbi peHTreHOBCxnx Jiynen hcoOxo^hmo 
6biJio npoH3BecTH onbiTbi no hx HHTep(j)epeHUHH hjih aH^paxnHH. 0,HHa- 
xo ocymecTBHTb Taxne onbiTu oxa3ajiocb oneHb Tpy^HOH 3atfaneH. 

3Ty 3aaany peuiHJi HeMeuxHH <})H3hx Maxc Jlayo (1879-1960). B 
1912 r. b xanecTBe jtH^paxuHOHHOH pemeTXH w. m onbiTa oh ncnojib3o- 
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Ban ecrecTBeHHETH KpHcraJin, b kotopom btomm pacnojioxceHbi b npa- 
BHJibHOM nopanKe. 

111. 3aKpeiuieHHe myneinioro Marepuajia 

- KeM h Koraa BnepBwe cnenaHO oncptiTHe peHrreHOBCKHx jiynefi? 

- KaKOBbl HX CBOHCTBa? 

- r,ae ohm npHMewnoTC* b Tex h nice h 6 bny? 

^OMauiHee lanaHHe 

n. 86 . 


^onojiHirrejibHbiH MaTcpHaji 
PeHTreH BiuibrejibM Koiipan 

BHjibreJibM KoHpaa PeHTreH ponHJiCfl 17 Mapra 1845 r. b norpaHHMHon c 
IanjiaHflHeH ofijiacTH TepMaHHH, b r. JleHene. Oh noayMHa TexHHHecicoe o 6 pa 3 o- 
BaiiHe b L^topnxe b toh cbmoh Bbicuien TexHHnecKOH uixojie (noanTexHHicyMe), b 
KOTOpofi no 3 »ce yMHJicJi Ohhiutchh. yBJieneHHe 4>h3hkoh 3 acraBHjio ero nocae 
OKOHHaHHH UIKOJIU B 1866 T. FlpOAOTDKHTb (J)H 3 HHeCKOe o 6 pa 30 BaHHe. 

3 atHHTHB b 1868 r. anccepTaiuno Ha cTeneHb aoicropa 4>hjioco4>hh, oh pa 6 o- 
TaeT accHCTCHTOM Ha xa^enpe 4>h3hkh CHaHana b Uiopnxe, noTOM b rnceHe, a 
3 aTeM b CTpac 6 ypre ( 1874 - 1879 ) y KyaaTa. 3 necb PeHTreH npouieji xopowyio 
aKcnepHMeHTajibHyio uiKOJiy h cTan nepBOKJiaccHbiM 3 KcnepHMeHTaTopoM. Oh 
npOH 3 BOnHJl TOHHbie H3MepCHHJI OTHOUieHHfl Cp/C v RSI* ra 30 B, BJI 3 KOCTH H Ji\\~ 
ajieKTpHHecKOH npoHnuaeMocTH puna acnnKocreii, HccaeaoBaa ynpyrne CBoiicTBa 
KpHCTajuioB, hx nbe 3 Q 3 aeKTpHHecKHe h fiHposaeicrpHHecKHe CBOHCTBa, H 3 MepjiJi 
MarHHTHoe none nBHacymHxcfl 3 ap«aoB (tok PeHTreHa). HacTb Baxcwwx Hccaeno- 
BaHHH PeHTreH BbinonHHJi co cbohm yneHHKOM, oahhm h3 ocHOBaTeaeii cobct- 
CKOH 4>H3HKH A.<D. Mo<J) 4 )e. 

HaynHbie HCcaenoBaHHH othocjitcji k 3 aeKTpOMarHeTH 3 My, (J)H 3 HKe KpHcraa- 
jiob, onTHKe, MOJieKyjmpHOH (J)H3HKe. 

B 1895 r. oncpbia HanyneHHe c abhhoh bojihw, 6 ojiee kopotkoh, HOKean nnw- 
Ha BOJiHbi yjibTpa(j)HOJieTOBbix Jiynen (X-aynw), Ha 3 BaHHoe b naabHenweM peHTre- 
hobckhmh JiynaMH, h nccaeaoBan hx CBOHCTBa: cnocofiHocrb orpaiKarbCJi, norao- 
maTbCfl, HOHH3HpOB3Tb B 03 ^yX H T. R. ripennOJKHJI npaBHJlbHyK) KOHCTpyKUHK) 
Tpy 6 kH ana nojiynenHa X-ayneH - HaicaoHHbiH naaTHHOBbiH aHTHicaxoa h Boray- 
Tbiii kbtozi- riepBbiH oaejiaji (}>otochhmkh npH noMomH peHTreHOBCKHx ayHen. 
Oncpbia b 1885 r. MamHTHoe noae aHaaeinpHKa, aBHHcymerocji b ajieKTpnqecKOM 
noae (Tax Ha 3 biBaeMUH «peHTreHOB tok»). Ero onbiT HaraanHO noica 3 an, mto Mar- 
HHTHoe noae co 3 naeTCfl noaBHacHUMH 3 ap«.aaMH, h hmcji saacHoe 3 HaneHHe jyi» 
cowhhh X. JlopeHueM 3 aeKTpOHHOH TeopHH. 3 HaHHTejibHoe HHcao pa 6 or PeHrre- 
Ha nocBHmeHO HCcaeaoBaHHK) cbohctb mchakoctch, ra 30 B, KpHcraaaoB, aaeinpo- 
MarHHTHblX BBJieHHH, OTKpbia B 3 aHMOCB* 3 b 3 JieKTpHHeCKHX H OITTHHeCKHX jIBJieHHH 
b KpHCTaruiax. 3 a oncpbiTHe aynen, hocjhuhx ero hmjj, PeHTreHy b 1901 r. nepBOMy 
cpenw 4>h3hkob 6 uaa npHcy»caeHa v Ho 6 eaeBCKaji npeMH«. 

C 1900 r. h no nocaenHHX nHefi »ch3hh (yMep oh 10 ())eBpaaa 1923 r.) oh pa- 
6oTart b MioHxeHCKOM yHHBepcHrere. 
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ypoic 98 . IllKajia 3 JieicTpoMarHHTHbix bojih 
Uejib: paccMOTpext rnxajiy ajieiapOMarHHTHbix bojih h hx cBOHCTBa. 

Xo,a ypoKa 

I. OpramnauHOHHMH momcht 

n. nOBTOpeHHC H3yneHHOrO 

- Tjxe HaxoaHTca HH(J>paicpacHbiH ynacxoK cneKTpa? 

- B kbkhx npeuejiax 3aKJiK>HeHbi juihhm bojih HH<J>paKpacHoro H3Jiy- 
hchhb? 

- Hto nBJiaeTca hctohhhkom HH<j)paKpacHoro H3JiyHeHHH? 

- OnHiHHTe cBOHCTBa HH<j>paKpacHbix Jiynefi. 

- KaKoe H3Jiy4eHne Ha3tiBaiOT yjibTpa<t>HOJieTOBbiM H3JiyneHHeM? 

- B KaKHX npe/je/iax 3aKJifOHeHbi ^jihhli bojih hjih qacTOTbi yjibTpa- 
<j)HOJieTOBOrO H3JiyHeHHfl? 

- MtO UBJMeTCB HCTOHHHKOM yjIbTpa<j)HOJieTOBbIX JiyHCH? 

- KaKHMH cBOHCTBaMH oSjia^aiOT yjibTpa4)HOJieTOBbie Jiynn? 

- HapncyHTe cxeMy h o6i»HCHHTe ycTponcTBo h npHHUHn paOoTbi 
peHTTeH OBCKOH Tpy6KH. 

- B KaKHx npe^ejiax 3aKJiiOHeHbi juiHHbi bojih peHTreHOBCKoro H3Jiy- 
HeHHH? 

- riepeHHCJiHTe hctohhhkh peHTreHOBCKoro H3JiyHeHHfl. 

III. H3yneHHe hoboi o MaTepnajia 


06inue ceoucmea u xapanmepucmuKu 3JieKmpoMaznumnbix eojw 


CBOHCTBa 


1. PacnpocTpaHeHHe b npocTpaH- 
CTBe c TeneHHeM BpeMeHH 

CKOpOCTb 3JieKTpOMarHHTHbIX BOJIH 
b BaxyyMe nocTOBHHaa h paBHa 
npH6jiH3HreJibHO 300000 km/c 

2 . Bee BOJiHbi norJiomaiOTc« Be- 
mecTBOM 

Pa3JIHHHbie K03({)(J)HHHeHTbI no- 
TJlOmeHHB 

3. Bee BOJiHbi Ha rpaHHue pa3jjejia 
jisyx cpe/i nacTHHHo OTpaacaioT- 
C5I, HaCTHHHO npeJIOMJIHIOTCfl 

3aKOHbi OTpa^KeHHB h npejiOMJie- 
HHB. K03(j)<i)HHHeHTbl OTpa>KeHHB 

JK JIB pa3JIHHHbIX Cpejl H pa3JIHH« 

HbIX BOJIH 

4. Bee ajieicrpoMarHHTHbie H3Jiy- 
HeHHB npOBBJWIOT CBOHCTBa BOJIH: 
CKJiajjbiBaioTCfl, orn6aiOT npemrr- 
CTBHe. HeCKOJIbKO BOJIH O^HOBpe- 
MeHHO Moryr cymecTBOBaTb b 
o^hoh oSjiacTH npocTpaHCTBa 

npHHunn cynepno3HUHH. JJjiji 
K orepeHTHbix hctohhhkob npaBH- 
jia onpe,aejieHHa MaKCHMyMOB. 
npHHUHn TioHreHca - OpeHejw. 
BojiHbi Me^cay co6oh He B3anM0- 
UeHCTByiOT 
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5. CjioxcHbie 3JieKTpoMarHHTHbie 
BOJiHbi npH B3aHMO^eHCTBHH C 
BemecTBOM pactcjia/tbiBaiOTCJi b 
cneiap - flHcnepcHH 

3aBHCHMocTb noKa3aTejw npe- 
jiOMJieHHa cpejjbi ot qacTOTbi 
BOJiHbi. CKOpOCTb BOJiHbi B BeiHe- 
CTBe 3BBHCHT OT npeJIOMJICHHfl 

C 

cpeAW d = — 
n 

6. BoJIHbl pa3HOH HHTeHCHBHOCTH 

IXnoTHOCTb noToxa H3JiyHeHna I 


Pa^HOBoaHbi 

v = 10 5 -10 u ru; A « 10 3 -10 3 M. 

IIojiyqaioT c noMoujbio KOjie6aTejibHbix KomypoB h MaKpoCKonHne- 
CKHX BH6paTOpOB. 

Ceoucmea 

Pa^HOBOJIHbl pa3JIHHHbIX HaCTOT H C pa3JIHHHbIMH JJJIHHaMH BOJIH IlO- 
pa3HOMy nomomaioTCfl h OTpaxcaioTCH cpe^aMH, npoaBJunox CBOHCTBa 
AH(J)paKUHH H HHTep^epeHUHH. 

IJpuMeHeHue 

Pa^HOCBJi3b, TejieBiiaeHHe, pajiHOJiOKauwi. 

HH(|)paKpacHoe H3JiyHemie 
TenjioBoe 

v = 3-10" -4-10 14 ru; A, = 8-10~ 7 -2-10" 7 m. 

Ii3JiyHaK>TCJi aTOMaMH h MOJieicyjiaMH BemecTBa. 

HH(})paKpacHoe H3JiyHeHHe aaioT Bee Tejia npw jiioGoh TeMnepaType. 
^eJiOBeK H3jryHaeT 3JieKTpoMarHHTHbie BOJiHbi: 

m. 

Ceoucmea 

npoxo^HT 4epe3 HeKOTOpue Henpo3pawHbie Tejia, npoH3Bo^nT xhmh- 
*iecKoe .neHCTBHe Ha 4>0T0iuiacTHHKH, norjiomaacb BemecTBOM, HarpeBa- 
eT ero, Bbi3biBaeT BHyTpeHHHH 4)0T03<J>4>eKT y repMaHmi, hcbm^hmo, cno- 
C06 h 0 K flBJieHHHM HHTep(J)epeHL(HH H AH(f)paKUHH. 

PerHCTpHpyeTCB TeiUIOBbIMH MeTOflaMH, 4>OT03JieKTpH*ieCKHMH H 4)0- 
TOrpa4)HHeCKHMH. 

TIpuMeneHue 

riojiynaioT H3o6pa>KeHH5i npe^MeTOB b TenjioTe, npH6opbi hohhoto 
BH^ eHHH, CHCTeMbI CaMOHaBefleHHJJ. HcnOJIb3yiOT B KpHMHHaJIHCTHKe, 
4)H3HOTepanwH, b npOMbiuuieHHOCTH AJia cyuiKH OKpaiueHHbix H3flejiHH, 
CTeH 3AaHHH, ^peBeCHHM, ^pyf^TOB. 
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BuAHMOe H3JiyHCHHe 

Hacn, 3jieKTpoMarHHTHoro H3AyqeHHs, BoenpHHHMaeMaa rjia30M (ot 
K pacHoro .qo {JmoJieroBoro): 

v = 410"-810 M Tu; /l = 8-10' 7 -410' 7 m. 

Ceoucmea 

OrpaacaeTCJi, npejioMjuieTCJi, B03ACHCTByer Ha ma3a, ciiocoOho k 
AH cnepcHH, HHrep<J)epeHUHH, AH$paicuHH. 

yjibTpai|»HOJieTOBoe HUTyneiiHC 

v = 8-10" -3-10 15 Tu; A = l(r*-41<r 7 m 
(MeHbuie, neM y (jmojieTOBoro CBera). 

Hctohhhkh: ra30pa3pAAHbie mouihhu c Tpy6tcaMH H3 KBapua (KBap- 

UCBhlC JiaMHLl). 

H3JiyHaeTCJi bccmh tbcpahmh TenaMH, y KOTopwx t > 1 000 °C, a Taic- 
xce CBerfliHHMHCJi napaMH pryTH. 

Ceoucmea 

BucoKaa xHMHnecKaa aKTHBHOCTb (pa3Jio)KeHHe xjiopwAa cepeOpa, 
CBeneHHe KpHCTajuiOB cyjib(J)HAa ijHHKa), hcbhahmo, Gojibuiaa npOHH- 
Kaioiua^ cnocoOHocTb, yOHBaeT MHKpoopraHH3Mbi, b He6ojibiiiHx Aoaax 
6jiaroTBopHo bjihhct Ha opraHH3M qejioBetca (3arap), ho b 6ojibuiHX a o- 
3ax OKa3biBaeT OTpHuaxejibHoe OnojionrqecKoe B03AeiicTBHe: h3M6hohh6 
b pa 3 BHTHH kjictok h o6\ieHe bcuicctb, ACHCTByeT Ha rjia3a. 

UpuMenenue 

B MeAHUHHe, npOMblllUieHHOCTH. 

PeHTreHOBCKHe Jiynu 

PhJiyqaiOTCJi npH 6ojibinoM ycKopeHHH 3JieKTpoHOB, nanpHMep, hx 
T opMOXceHHH b MeTajuiax. 

noJiynaiOT npn noMomn peHTreHOBCKOH TpyGicw: 3JieicipoHbi b Baxy- 
yMHOH xpy6xe (p - 1 0 -3 — 1 0 s ria) ycKOpHiOTca ajiexrpHqecxHM nojieM npH 
bucokom HanpsxceHHH, Aocrnraa aHo.ua, npH coyAapeHHH pe3KO TOpM03*rr. 

npH TOpMOXCeHHH 3JieKTpOHbI ABHHCyTCJI C y CKOpe HHCM H H3JiyHaiOT 
3JieKTpOMarHHTHbie BOJIHbl C MaJIOH AJIHHOH OT 100 HM AO 0,01 HM. 

Ceoucmea 

HHTep<J)epeHHHJ!, AH<}>paxuHa peHTreHOBCKHX jiyqeii Ha xpHCTajum- 
HecKOH pcmcnce, 6ojibuiaa npOHHxaiomafl cnoco6HocTb. OGjiyneHHe b 
O oJibiuHx A03ax Bbi3biBaer jiyqeByio 6ojie3Hb. 

TJpuMeueHue 

B MeA«UHHe (AHaniocTHKa 3a6oJieBaHHH BHyTpemiHx opraHOB), b 
npOM bllHJICHHOCTH (xOHTpOAb 3a BHyTpeHHeft CTpyinypOH pa3JIHHHbIX 
H3AOAHH, CBapHbIX UIBOb). 
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Y-HiMepeHHe 

v = 3-10 M ru; 2 = 3,3-10" 18 m. 

Hctohhhkh: a^epHsie peaKijHH. 

Ceoucmea 

HMeeT orpoMHyio npOHHKaiomyio cnoco 6 HocTb, OKa 3 biBaeT CHAbHoe 
6 nojiorHHecKoe B 03 ^ewcTBHe. 

npuMeneuue 

B Me^HUHHe, npoMbimjieHHOCTH (y-^e 4 >eKTOCKonHJi). 

Bbieod 

Ben uiKana oAeicrpoMarHHTHbix bojih aBjiaeTCa CBM^eTejibCTBOM Toro, 
HTO BCe H3nyHeHHH 06 na^aK)T OAHOBpeMeHHO KBaHTOBbIMH H BOAHOBbIMH 
CBOHCTBaMH. KBaHTOBbie h BojiHOBbie CBOHCTBa b 3tom CAynae He HC- 
KjnoHaioT, a £onojiHflK>T Apyr Apyra. Boahobmc CBOHCTBa apne npoAB- 
ajhotca npw Manbix nacTOTax h MeHee apKo - npH 6ojibmHx. H Hao6o- 
pOT, KBaHTOBbie CBOHCTBa JipHe npOABJUIIOTCfl npH 6oJIbUIHX HaCTOTaX H 
MeHee apKO - npH Majibix. HeM MeHbrne AJiHHa boahm, tcm apne npo«B- 
aaiotcji KBaHTOBbie CBOHCTBa, a neM 6ojibme A^HHa boahu, tcm apne 
npojiBJunoTCfl bojihobmc CBOHCTBa. Bee oto cny>KHT noATBep^KACHHeM 
3axoHa ^HajieKTHKH (nepexoA KOAHnecTBeHHbix H3MeHeHHH b KanecT- 
BeHHbie), 

IV. 3 aKpenjieHHe H 3 yHeHHoro MaTepiiajia 

- HtO n03B0JWeT OOteAHHHTb Bee BH^bl 3JieKTpOMarHHTHOrO H3Jiy- 
neHHJi b ojxny uiKajiy 3 AeKTpoMarHHTHbix bojih? 

- Ha KaKHe bhabi H 3 JiyneHHH npHHSTo ^ejiHTb liiKany aJieicrpoMar- 

HHTHblX BOJIH? 

- Ha3bIBa5I BHAbI OJieKTpOMaTHHTHblX H3AyHeHHH, yxa)KHTe HX AHa- 
na30Hbi ajihh boah hah AHana30Hbi nacTOT. 

V. IIoABeACHHe HToroB ypona 

AoMaumee 3aaamie 

n. 87 . 


ypoK 99 . Hrpa «Mto? Tae? KorAa» 

Lfejiu: o6o6uiHTb, CHCTeMaTH3HpoBaTb 3HaHHA no TCMe «H3Ay4e- 
hho>; coBepuieHCTBOBaTB HaBbiKH peineHHA 3aAan pa3AHHHoro THna; 
pacuiHpHTb Kpyr030p ynamHXCA. 
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Xon ypoKa 
no^roTOBKa k ypoicy 

IlepeA HananoM ypOKa-nrpbi orjiamaiOTCH npaBHua. Ha 3 HanafOTCH 
KanHTaHbi KOMaHA. KanHTaHbi Ha AHCTOHKax nniiiyT cnwcoK hachob cbo- 
en KOMaH^bi h npocTaBJiHiOT jiioSoe ABy 3 HaHHoe hhcao. KoMaHAa, 060 - 
3HaHHBiua5i HaHMeHtmee hhcao, HannHaeT nrpy. 

Bonpocbi cocTaBJiaeT caM ynHTejib huh cobmcctho c aKTHBOM CTap- 
ihhx ynamHxca. KaacAbiH Bonpoc AOA>xeH HaHHHaTbca c oAHoro H3 cjiob 
HB3BaHH5i Hrpbi («hto, rAe, Kor^a, noneMy?») h 6 biTb HHTepecHbiM. Ha 
Bee Bonpocw y Beaymero 3apaHee aoahchm 6wtl npaBHjibHbie oTBeTbi. 

Ycjiobhh m pbi 

- Ha o6,ayMbiBaHHe Bonpoca AaeTca 1 mhh; 

- ecjiH KOManaa, nocoBemaBinncb, AaeT npaBHjibHbin otbct, to Kaac- 
^biH ee ynacTHHK noAynaT oaho ohko, a oTBenaBiiiHH - ohko co 3HaxoM 
«+» (nuioc 03HanaeT yneT OTBeTa); 

- ecuH KOMaHAa He cMorjia OTBeTHTb Ha Bonpoc, to Ha Hero OTBenaeT 
ajo6oh 3pHTejib, nouynafl 3 a 3 to TO)Ke ohko co 3HaKOM «+»; 

- BbiCKa3biBaTbc>i MOiyr Bee ^ejiaiomne. Eahhctbchhoc ycAOBHe - He 
noBTopHTbca; 

- ecjiH h KOMaHAa, h 3pHTe/iH He otbcthjih Ha Bonpoc, oh cHHMaeTCA, 
h BeAymnn 3aHHTbmaeT npaBHjibHbiH otbct; 

- ecuH KOMaHAa He Aajia BepHbiH oTBeT Ha npeAAo>KeHHbiH en Bo- 
npoc, OHa ocBo6o)KAaeT HrpoBOH emu; 

- KOMaHAa, npaBHjibHO OTBenaiomafl Ha Bonpocw, Mo>KeT AaBaTb 
noApBA OTBeTbi He 6ojiee neM Ha 5 BonpocoB; 

- bo BpeMB OTBeTa hhkto He HMeeT npaBa AoSaBjwrrb hjih HcnpaBjwTb 
rOBOp^merO. YTOHHHTb BOnpOC H OTBeT MOHCCT TOJIbKO BeAymHH; 

- )KejiaiomHe AonojiHHTb otbct, BbicKa3aTb hto-to no xoAy Hrpbi 
o65i3aHbi noAHBTb pyKy; 

- 3 a opnrHHajibHbie aohojihchhji BeAymHH mohcct AaTb roBOpHBineMy 
noompHTejibHoe ohko co 3hbkom «+»; 

- 3 a noACKa3KH, pa3roBopbi, nepeAany noACKa30K )KecTaMH hah 3a- 
nHCKaMH ynacTHHKH Hrpbi (b tom hhcac h 3pHTeAH) noABepraioTca 
IUTpa({)y. y HHX BbIHHTaiOT oaho ohko; 

- b KOHue Hrpbi ynacTHHKH, Ha6paBiiiHe 6 h 6oAee ohkob, noAynaiOT 
Ase n«TepKH, 5 ohkob - oueHKy «5», 4 ohkb - «4». npaBo Ha oueHKy b 
>KypHaAe AaioT TOAbKO ohkh co 3hbkom «+», CBHAeTeAbCTByiomHe o ca- 
MocToaTeAbHOM noAHOM h npaBHAbHOM OTBere; 




ypox 99 . Mapa «<-lmo? rde? Koada» 289 

- BeAymHM M0>KeT 6mti> jiio6oh yneHHK 3Toro hjih jjpyroro xjiacca, 
jih6o yHHTeni.; 

- bo BpeM» Hrpti mohcho noni»30BaTfcCJi cnpaBOHHOH JiHTepaTypoft h 

yne6HHKOM. 

B03M0HCHhie BOnpOCbl 

1 . IIoHeMy rpeMyHHe h Apyrae »MKorojioBBie 3Men Jienco OTtiCKHBa- 
k)t ^o6tiHy b TeMHoe, HecMOTpa Ha to, hto HOHHoe 3peHHe y hhx He pa3- 
bhto? Hcm 3TO mo)kho o6t>5ichhti>? (Y mcucux 3Meu no ode cmopoubl 20 - 
Jioebi , Mecwdy no3dpeu u zjic&om, uMetomcx dea xonmecxux yzjiydjienuR, 
no KpciRM Komopbix naxodfimcR ocodbie xjiemxu, nyecmeumejibubie k uh- 
(ppaKpacubiM jiynoM . B noucxax dodbinu 3 Men Mednenno noji 3 em u 06 - 
cjiedyem 3eMJito u nu3Kue Kycmbi cmapancb yjioeumb see, nmo mermee 
wiu xojiodnee otcpyotcaroiyeu cpedbi . TeMnepamypnaR pa 3 nutfa ecezo 
Jiutub e 0,0018 °C yofce 3 acmaejiRem 3 Meto nacmopootcumbCR. 3am eM ona 
dectuyMHO npudnuotcaemcR x otcueoMy o 6 bexmy, 6 ydb mo jimyuixa, ox- 
jiaotcdenHOR 3a cnem ucnapeuuR ernzu c xooicu, unu cursor nmuifa, urn 
dpy 2 oe ofcueomnoe . UcnojibsyR ceou nepexpbieajou^ue KonunecKue hojir 
mewioeou nyecmeumejibnocmu (mepMO/ioxamopbi), 3MeR MODtcem onpe- 
deiiumb, xozda uMenno ona npu6nu3umcR k ofCueomuoMy na paccmoRnue , 
docmamoHHoe, nmodbi nopa3umb ezo; ona Mootcem maxotce y3namb o 
no3e u pa3Mepax 6O3MO0 khou otcepmeu .) 

2. rioneMy b npoqecce C03peBaHHa pacTeHHfl o6lihho mchaiot ubct, 
HanpHMep pom,, nmeHHua, OBec h jjp.? (Bo epeMR ceoezo pa 3 eumuR 
pacmenuR imetom 3ejieny}0 oxpacxy, mo ecmb onu ompaotcatom 3enenbie 
nynu u nozjioiyajom xpacnyio nacmb cnexmpa. Kpacnbie Jiynu odnadarom 
naudojibuiUM mermoebiM 3<p<pexmoM u cnocodcmeyjom o6pa3oeaHuto 
xjiopo(pujuia. B npotfecce co 3 peeanuR pacmenue ne nyotcdaemcR dojibiue e 
opzammecxux eeuiecmeax u xienRem oxpacxy na 30Jiomucmo- 
opaHDfceeyio wiu denoeamyjo. Pacmenue maxozo ifeema nozjiou^aem 3 na- 
Humejibno Menbiue xpacnbix Jiyueu.) 

3. rioneMy cHJiLHee HarpeBaeTca Ha cojiHue: xopouio 3aropeBiiiHH 
HenoBeK hjih coBceM He 3aropeBuiHH? ( 06pa3oeanue xopmneeozo 3aza- 
pa ecmb coM03au\uma opzanu3Ma om npe3Mepnozo deucmeuR yjibmpa- 
t puojiemoebix u (puonemoebix Jiyneu : Jiynu ebicoxou nacmomu cwibno 
nozjioufatomcR 3muM nuzMenmoM , ebi3biean monbxo 6e3epednoe nazpe- 
eanue . UoomoMy xopouio 3azopeeuiuu nenoeex nazpeeaemcR na cojinife 
cujibnee , next ne sazopeemuu, no on ne ucnbimbieaem epednozo xumuhc- 
cxozo deucmeuR ceemoebix Jiyneu.) 

4. IIoHeMy b opaHHcepeax pacTyT BeHH03ejieHbie pacTeHHa, b to 
B peMa xax Ha OTKpbiTOM B03,ayxe eme He pacTaan cHer h TeMnepaTypa 


10 B. A. Bojtkob 
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HH3Ke 0 °C? ( Cojineunbiu ceem, e KomopoM Haudonbiuee xonuuecmeo 
3uepeuu npuxodumcn na donjo euduMbix nyneu, nponuxaem e opcmztce- 
pew c He3naHumeJibHbiMU nomepxMU. IJoenoiqaxcb noneou u pacmenux- 
mu, on ebi3bieaem uaepeeame, ecuedcmeue neeo Haumaemcx o6pamnoe 
nyueucnycxanue snepzuu. Odnaxo 3mo nyneucnycxanue coeepmaemcx 
mfypaxpacHbiMU JiynaMU, dm xomopbix cmexnxHHoe nepeKpbitnue ne- 
npoHuqaeMo. Tqkum o6pa30M, opanotcepex xenxemcx xax 6bi noeyiuxou 
dm conneHuou onepeuu, xomopax noenoiqaem anepeuro u onenb mojio ee 
U3Jiynaem. IJoomoMy e opanoicepexx daotce 6e3 ucxyccmeemoeo nodoepe- 
ea MODicem dumb nojiynena docmamonno ebicoxax meMnepamypa npu 
cpaenumeubHO cnadoM connennoM ceeme .) 

5. rioneMy rHe3jna TepMHTOB hmciot (J)opMy xpbina, iijiockocth koto- 
poro o6pameHbi tohho k Bocroxy h 3ana^y. rioneMy TepMHTbi Tax CTpo- 
xt cboh >KHjiHina? (Taxou (popMbi u max copuenmupoeanubie coopyotce- 
huh mepMumoe noenoufaiom Menbiue connennoeo merma e nojidenb , ho, 
codupax u3JiyuaeMoe merino om eoexoda conuqa u do cclmo 20 3axoda, 
yeenuuuearom npodonotcumenbHocmb mennoeo2o dux dnx naxodxiquxcx e 
HUX nUHUHOK.) 

6. EIoHeMy b rycxoM enoBOM necy hct hh xpacHbix, hh chhhx, hh 
> xejiTbix uBeTOB, - ohh Sejibie hjih 6 iie^H 0 -p 030 Bbie. ^IeM 3 to 06'bxcHxeT- 
cx? (B nonyMpaxe nod eycmbiMu eemexMu eneu xopoiuo 30Memen U3da- 
nexa monbxo denbiu unu dnedHO-po306biu qeem, noomoMy nacexoMbie (e 
noucxax nexmapa) onbinxtom nuuib 3mu qeembi.) 

7. OnTHMajibHaH TeMneparypa Tejia 6a6oHxn-nepjiaMyTpOBXH 32,5- 
35,5 °C. B cojiHeHHyio noroay 6a6oHxa noAAepacHBaer TeMnepaiypy He- 
3aBHCHMO ot TeMneparypbi oxpyxcaiomefi epe^w. Kax efi 3to yaaeTex? 
{Eadonxa noddepotcueaem noemoxunyto meMnepamypy ceoe 20 mena c 
noMOUfbfo xpunbee. Eonbiue ece 20 menna xpbinbx nonyncuom, eenu con - 
neHHbie nynu nadaiom nepneuduxynxpuo x hum . Vew donbiue y2on nade- 
hux, meM cnadee Ha 2 peeauue . Kax monbxo meMnepamypa mena doemu- 
2 aem 35 °C, dadonxa u3Meuxem nonoofeenue xpbinbee, noxa He naudem 
maxoe nonootcenue, npu xomopoM xonuneemeo nonynaeMoeo menna dy- 
dem ycmouHueo noddepotcueamb Hyofcuyio meMnepamypy.) 

8. rioneMy 6ojiliiihhctbo xchbothmx KpaHHero CeBepa 6eaoro UBeTa, 
a Te, oxpacxa xoTopbix HHax, HanpHMep, 6ejixa, 3axu, MeHxioT ee 3hmoh 
Ha Gejiyio? QKueomnoe den020 qeema Meubiue U3nynaem mennomu e 
oxpyoicaioiqee npoempauemeo, nmo ocodenno eaoteno e ycnoeuxx Kpau- 
neeo Ceeepa.) 

9. rioneMy xcHBOTHbie BOcnpHHHMaiOT HH<J>paxpacHbie Jiynn? ( Hexo - 
mopbie U3 enydoxoeodnbix xanbMapoe, noMimo odbiHHbix 2na3, nadeneubi 
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eufe max Ha3bieaeMbmu mepMocKonmecKUMU zna30Mu , m. e. opeanaMU, 
cnoco6nbiMu yjiaejiueamb unfppaKpacnbie Jiynu . 3mw sjima y nux paccen- 
Hbi no eceii Huotcneu noeepxhocmu mena, u Kaxcduii uMeem end ne6ojib- 
uiou meMHou momai. Tlod MUKpocxonoM eudno, nmo ycmpoen oh, kqk 
o6biHHbiu 3jia3 , ho cnadofcen csemo(pwibmpoM, cdepotcuecuoufim see Jiy- 
hu, xpoMe wKppciKpacubix. Ceemofpunbmp pacnonootcen neped npenoM- 
junoufeu jiuH30u-xpycmcuiuK0M . Jluma omGpacbisaem CKoni^enmpupo- 
sanHbiu nynoic ceemoebix Jiyneu na nyecmsumejibHbiu k hum eocnpuHu- 
Maioutuu opean.) 

rioABeAenue HToroe 

IIOABOAflTCfl HTOrH HrpfeJ, BUCTaBJ15IIOTCa OUeHKH. 

/Jorviamiiee 3a;iaiiHe 

n. 81-87. 



KeaHTOBan c£>M3HKa 

r/iaBa 11. CBeTOBbie KBaHTbi 


YpoK 100 . KeaHTOBafl <{)H3HKa 

IJeJlb: 03HaK0MHTb C HOBbIM pa3^eJ]0M (j)H3HKH. 

Xoa ypoKa 

I. OpraHH3aUHOHHbIH MOMeHT 

II. ItoyneHiie hobopo Marepnajia 

B kohixc XIX b. MHorue yneHbie hto pasBHTue <})H3 hkh 3a- 

Bepiunjiocb no cjieAyiomHM npHHHHaM: 

1 . Eojibtue 200 jieT cymecTByioT 3aKOHbi MexaHHKH, Teopna BceMHp- 
Horo TaroTeHHa. 

2. Pa3pa6oTaHa MOJieKyjiapHO-KHHeTHnecKaji Teopna. 

3. IloABeAeH npoHHbift <J)yHAaMeHT noA TepMoAHHaMHKy. 

4. 3aBepuieHa MaKCBejuioBCKaa Teopna 3jieKTpoMarHeTH3Ma. 

5. OTKpbiTbi (JjyH^aMeHTaJibHbie 3aKOHbi coxpaHeHHH (oHeprHH, hm- 
nyjibca, MOMetrra HMnyjibca, Maccbi h 3jieKTpHHecKoro 3ap»Aa). 

B Kom^e XIX - Hanajie XX bb. OTKpbiTbi: 

B. PeHTreHOM - X-Jiynn; 

A. EeKKepeneM - BBJieHHe pa^HoaKTHBHocTH; 

J\yK. TOMCOHOM - OJieKTpOH. 

O^HaKo KJiaccHHecKaa (J)H3HKa He cyMena oS’bBCHHTb 3 th abjichha. 
Teopnfl oTHOCHTejibHOCTH A. 3HHHiTeHHa noTpeOoBajra KopeHHoro 
nepecMOTpa noHaTHH npocipaHCTBa h BpeMCHH. CnennaJibHbie onbiTbi 
A0Ka3ajiH cnpaBe^JinfiocTb rHnoTe3bi J\. MaKCBemia 06 3Jie KTpoM arH h t- 
hoh npnpo^e CBeTa. Mo>kho 6 bijio npeAnoAOHCHTb, hto H 3JiyHeHne 3JieK- 
TpOMarHHTHbix bojih HarpeTbiMH TeuaMH oSycjioBJieHo KOJieSaTejibHbiM 
^BH)KeHHeM 3JieKTp0H0B. Ho 3 to npeAnono>KeHHe Hy>KHo 6bino riOATBep- 
AHTb conocTaBJieHHeM TeopeTHHecKHx h oKcnepHMeHTajibHbix AaHHbix. 

JJjih xeopeTHHecKoro paccMOTpeHHa 3aKOHOB n3nyneHHH HcnoAb30- 
BajiH MOAejib a6cojiioTHO nepHoro Tejia, t. e. Te;ia, nojiHocTbio norno- 
maromero ojieKTpOMarHHTHbie boithbi jiio 6 oh AJiHHbi. ABCTpHHCxne 
3HKH H. CTe(|)aH H JI. EojlbUMaH 3KCnepHMeHTaAbHO yCTaHOBHAH, HTO 
nojiHaa 3HeprH«, H3JiynaeMaB 3a l c aScontoTHO nepHbiM tcjiom c cahhh- 
Ubi noBepXHOCTH nponopAHOHaAbHcW neTBepTon cTeneHH aSconioTHOH 
TeMnepaTypbi: 

E = uT\ 

8 

M 2 K 4 -C 


TAe u ~ 5,67-10 


- nocToaHHaB EoAbUMaHa. 
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3aK0H 6mji HS3BaH 3aK0H0M CTe^aHa-BojibUMaHa. Oh no3BOjinji bli- 
HHCJiHTb 3Heprwio n3JiyneHH5i a6cojnoTHo nepHoro Tejia no h3bccthoh 
T eMnepaType. Flo 3a#aHHbiM 3HaneHHJiM TeMnepaTypbi HHTeHCHBHoeTb 
H3JiyHeHH« nepHoro Tejia MaKCHMajibHa h cooTBeTCTByeT onpefleJieHHOMy 

3HaHeHHIO ^HJlHHbl BOJIHbl. 

HeMenKHH (J)H3HK B. Bhh oOHapyaoui, hto npn H3MeHeHHH TeMnepa- 
Typbi fljiHHa BOJiHbi, Ha KOTOpyio npHxo^HTCH E max , y6bmaeT Ha ~ , 

noaTOMy A max • T = const . 

Hcnojib3ya 3 aKOHbi TepMojiHHaMHKH B. Bhh nonyHHji 3aKOH pacnpe- 
AeneHHfl 3HeprHH b cneKTpe nepHoro Tejia, KOTOpbin coBna^aeT c 3 Kcne- 
pHMeHTajibHbiMH pe3yjibTaTaMH. 

Ahtjihhckhh (J)H3hk P \?k. P3Jien c^ejiaji nonbiTKy 6onee CTpororo Teo- 
peTHHecKoro BbiBOjja 3aK0Ha pacnpejjejieHHfl 3HeprHH. Ero 3aicoH npHBO-. 
amt k xopomeMy cob najieHHio c onbiTaMH b o6jiacTH Majibix nacreS. IIo 
3 T 0 My 3aKOHy HHTeHCHBHOCTb H3JiyHeHHH AOJDKHa B03paCTaTb Ha V. 
CjrejjoBaTejibHO, b TenjiOBOM H3JiyneHHH ^ojdkho 6brrb mhoto yjibTpa(j)HO- 
jieTOBbrx h peHTreHOBCKHx jiyneii, Hero Ha onbrre He Ha6jiio,najiocb. 3a- 
Tpy^HeHH^ b coniacoBaHHH TeopHH h pe3yjibTaTOB 3KcnepHMeHTa nojiy- 
hhjih Ha3BaHHe yjibTpa(j)HOJieTOBOH KaTacTpo(j)bi. 3aKOHbi, nojiyneHHbie 
MaKCBejuiOM, OKa3anncb He b coctoahhh o6bncHHTb (J)opMy KpHBOH pac- 
npe^eueHHJi hhtchchbhocth b cneiope aOcojnoTHO nepHoro Tejia. 

B caMOM KOHue npouuioro Bexa Maicc IlnaHK ( 1858 - 1947 ), Kate h mho- 
rne no Hero, ncicaji yHHBepcajibHyio cjiopMyjiy xpifl cneicrpajibHOH (jiyHKHHH 
aGcojnoTHO nepHoro Tena. EMy noBe3jio 6oJibme, neM jjpyrnM - BHanajie 
; oh ee npocTO yrajian, xots nouBHuacb 0Ha He Bjjpyr: ;jBa ro;ja Hanpa- 
: ixeHHbix pa3MbmuieHHH noTpeGoBajiHCb EDiaHKy, hto6bi o6be£HHHTb b 
; oahoh (JiopMyjie pa3po3HeHHbie KycKH cahhoh jcapTHHbi abjichha Temio- 
! Boro H3jiyneHH5L 

19 0KT5i6p5i 1900 r. nponcxo^Hjio onepejiHoe 3ace,aaHHe HeMeuxoro 
t 4>H3HHecKoro oOmecTBa, Ha kotopom 3KcnepHMeHTaTopbi TeHpHx Py6eHC 
| ( 1 885 — 1922 ) h cpep^HHaHA KypJi6ayM ( 1857 - 1927 ) flOKJiajjbiBajiH o ho- 
I Bbix, 6onee TOHHbix H3MepeHnnx cnenpa aOcojuoTHO nepHoro Tejia. Ilo- 
j cue jjoKJia^a cocToajiacb jmcicyccHfl, b xo^e KOTopofi 3KcnepHMeHTaTopti 
\ ceTOBajin Ha to, hto hh o^Ha Teopna He MoaceT oObacHHTb hx pe3yjibTa- 
Tbi. IlriaHK npe,ano}KHji Bocnojib30BaTbC5i CBoefi (JiopMyjioH. B Ty ytte hohb 
’ Py6e«c cpaBHHji cboh H3MepeHHJi c (jiopMyjioH ILiaHKa h yOe/jHjica, hto 
! OHa npaBHjibHO, no MejibHaniunx no^poOHOCTen, onncbmaeT cneKTp a6- 
cojiiotho nepHoro Tejia. Ha yTpo oh coo6ihhji 3to Kojuiere h 6jiH3KOMy 
: Apyry riJiaHKy h no3,npaBHji ero c ycnexoM. 

S OjjHaKO FLiiaH 6biJi TeopeTHK h noTOMy ueHHJi He TOJibKO OKOHna- 
: TejibHbie pe3yjibTaTbi TeopHH, ho h BHyrpeHHee hx coBepmeHCTBO. K 
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TOMy ace oh h He 3Han, hto oTKpbui hobbih 3aKOH npnponbi, h BepHJi, hto 
ero MoacHO bbibccth H3 paHee H3BeCTHbix. IIosTOMy oh CTpeMHJica Teo- 
peTHHeCKH o6oCHOBaTB 3aKOH H3JiyHeHHfl 4 HCXOna H3 npOCTBIX nOChIJlOK 
KHHeTHHeCKOH TeopHH MaTepHH H TepMOflHHaMHKH. IIoCJie^OBaJIH A Ba 
Mecaya HenpepbiBHOH pa6oTbi h npenenbHoro HanpanceHHa chji. EMy 3to 
ynanocb. Ho KaKOH hchoh! B nponecce BbiHHCJieHHH oh npennonoaciui, 
hto 3Heprna HcnycKaeTca nopuHXMH (hjih KBaHTaMH), KOTOpbie onpene- 
juHOTca {jjopMyjion: 

E = hv y 

rne v- nacTOTa H3JiyneHHa; h - nocToaHHaa RriaHKa. 

IIpeAnojioaceHHe rLiaHica 6 mjio npocTbiM, ho no cymecTBy npoTHBo- 
peHHJio BceMy npeacHewy onbrry (f>H 3 HKH. «H3JiyqeHHe - 3 to bojihoboh 
npouecc». Ecjih Tax, to SHepi na b stom nponecce nojiatHa nepenaBaTbca 
HenpepuBHO, a He nopunaMH — KBaHTaMH. 3 to npoTHBopenne EDiaHK 
oco3HaBan. Oh BbiaBHJi 3Ty ^opMyny, Korna eMy 6biJio 42 rona, ho noHTH 
bcio ocTaBinyiocK acH3Hb oh cTpanan ot jiorHnecKoro HecoBepmeHCTBa 
hm ace co3j^aHHOH TeopHH. /jBajjuaTb JieT cnycTa, b noxjiane, kotopbih 
EL naH cnejian no cjiynaio BpyHeHHa eMy Ho6ejieBCKOH npeMHH no <J)H3 h- 
Ke, OH BCnOMHHaJl, HTO B TO BpeMfl npH3HaHHe peaJIbHOCTH KBaHTOB 6bIJ10 
A na Hero paBHOcnjibHO «HapymeHHio HenpepbiBnocTH Bcex npHHHHHbix 
CB«3eH b npHpone». H nanee, b 1933 r. b nncbMe k Po6epTy Byny oh 
H a3Bajl CBOIO TeopHIO «aKTOM OTHaaHH«». 

Tojibko 4>opMyjia HjiaHKa ynoBJieTBopHJia yneHbix: OHa nopa3HTejib- 
ho coBnanana c pe3yjibTaTaMH onbrroB, xoth h He CTaHOBHJiacb ot 3Toro 
6onee noHATHOH. Tojibko neTBepTb sexa cnycTa HOBaa Hayxa - KBaHTO- 
Baa MexaHHKa - o6i»acHHT hcthhhmh cmbicji peBOJiionHH, KOTOpyio, non- 
HHHaacb JiorHKe HaynHoro HccnenoBaHHa, h bo mhotom Bonpexn cBoen 
BOJie, COBepIlIHJI B (J)H3HKe Maxc ELliaHK. 

B nnTHmxy, 14 nexa6pa 1900 r. b 30He 3acenaHHn HeMeijKoro 4>H3h- 
necKoro o6mecTBa pojuwacb HOBaa Hayxa - yneHHe o KBaHTax. 

III. 3aKpenjieHHe H3yneHHoro 

- Kax comacHO rnnoTe3e ELnaHKa a6cojnoTHo nepHoe Teno H3JiynaeT 
3HeprHio? 

- CornacHo 3JiexTponHHaMHxe MaKCBeJiJia HarpeToe Teno, Henpe- 
pbiBHO Tepaa 3Heprnio BCJiencTBHe H3JiyneHHa 3JieKTpoMarHHTHbix 
bojih, nonacHO oxjianHTbca no a6cojnoTHoro Hyna, Tax jih 3to b 

neHCTBHTeJIbHOCTH? 

- 3a cneT nero nojiyneHa Teopna TennoBoro H3JiyneHHa rLnaHxa b 
npHMeHeHHH k Maxpot. * onHnecxHM cncTeMaM? 

- HtO npOHCXO^HT C MaKCHMyMOM HHTeHCHBHOCTH H 3 JiyHeHHa npH 

yBeJiHneHHH TeMnepaTypbi HarpeToro Tena? 

- Kaxne aBJieHHa H3ynaeT KBaHTOBaa <J)H3Hxa? 
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IV. IIoABe/ieHHe htotob ypoKa 
^OMauiHee 3a^aHMe 

| c. 269-270. 

| JonojiHHTejibHbiii MaTepHaji 

I MaKC Kapji 3pHCT JIiOABHr IljiaHK (1858-1947) 

| MaKC Kapji 3pHCT JIioABHr IljiaHK poAW-ncfl b 1858 roAy b ropoAe Kmie, r^e 
£ ero OTeu 6bijr npocfreccopoM lopHcnpyAeHUHH. 

\ MaKC FLnaHK nojiynwi b ochobhom MaTeMaTHnecKoe o 6 pa 30 BaHne. Oh yHHJica 
r b MfOHxeHe, noTOM b EepjiHHe, Ero yHHTejiflMH 6 burn raxHe BbuafomwecB HeMeu- 
5 KHe yHeHbie, KaK rejrbMrojibu h Kupxroi}). Ero paHHHe pa 6 oTbi no TeopHH TenjioTbi 
j npHHecjiH eMy H 3 BecTH 0 CTb h, He ^ocTHrHyB Aawe TpHAuaTHAByxjieTHero B 03 pac- 
|Ta, RriaHK pyxoBOAmi Ka 4 >eApoH 4 >H 3 hkh b BepjiHHCKOM yHHBepcHTeTe. 

Oh HHKor^a He 3aHHMajic« 3KcnepHMeHTajibH0H paSoTOH h bcfo >KH3Hb ocTa- 
I BaJTCH TeopeTHKOM AO M03ra KOCTefi. 

\ FljraHK bcio »H 3Hb HHTepecOBajica (Jjhjioco^ckhmh BOnpocaMH (J)H3 hkh, 6bijr 
\ y6e>KAeH b peajibHOCTH BHeuiHero MHpa h b MorymecTBe pa3yMa. 3 to cymecT- 
; BeHHO OTMeTHTb, nOTOMy HTO OHCHb Ba^KHblH 3Tan erO Ae«TeJTbHOCTH npOTeKaJT B 
o6CTaHOBKe KpH3HCa B 4)H3HKe. 

OAHaKO MBTepHajl HCTHHeCKH HaCTpOeHHblH rijiaHK TBepAO npOTHBOCTOBJI 
, MOAHbIM n03HTHBHCTCKHM yBJieneHHflM Maxa H OCTBaJTbAa, O KOTOpbIX MbI eme 
6yAeM roBopHTb. «Oh 6bur THnwHHbiM HeMueM b jiynuieM cMbicjie 3Toro cjiOBa, - 
nHineT b cBoew KHHre ,H> KopA naA>KeT Tomcoh, bhahwh (J)H3hk Hamero BpeMeHH, 
CblH J\yK.-JX7K. TOMCOHa. - ReCTHblH, neAaHTHHHbTH, C HyBCTBOM C 06 cTBeHH 0 r 0 
, AOCTOHHCTBa, no-BHAHMOMy, cnocoSHbiH OT6pocHTb bck> HonopHOCTb h npeBpa- 
THTbCJi b o6a«TejibHoro nejioBeKa». 

PaSoTaB oaho BpeMa b yHHBepcHTeTe BMecTe c Ohhujtchhom, fljiaHK 6biJi c 
hhm oneHb Apy^eH. HacTO BenepaMH b HMnpoBH3HpOBaHHbix KOHuepTax ohh 
l BbiCTynajiH babocm: FljiaHK nrpaa na (fiopTenHaHO, Omhuitchh - Ha cKpHnxe. 

Maxc fljiaHK 6biJi cnoKOHHbiM nejiOBeKOM c CHJibHbiM xapaKTepoM. Oh ao 
[ KOHua CBoew )kh 3 hh ocTaBancH npeAaH HayKe, BcerAa xopouio othochjtcb k jho- 
j a«m h HHKorAa He ctobji b cTopOHe ot o6mecTBeHHbix AeJi h coSbiTHH. 

O TBepAOCTH h npHHijHnHajibHOCTH ero xapaKTepa roBopHT tot ijjaKT, hto b 
l roAbi 4 >auiHCTCKoro pe>KHMa Ha oahom H 3 otjwuHajibHbix npHeMOB IljiaHK 6ec- 
^ CTpauiHO ocyAHJi npecjieAOBaHHe bjibctamh eBpeeB h npocHJi 06 ocboSokachhh 
p«Aa cbohx 3HaKOMbix. B36euieHHbiH (friopep BMCTaBHJi ero H3 KaSHHeTa. 

HeKOTOpoe BpeMa cnycTH MjiaALUHH cmh FIjiaHKa BMecTe c ApyrHMH naTpno- 
TaMH nocjre pacKpbiTHB 3aroBopa npoTHB rHTjiepa 6bui apecTOBaH h Ka3Hen 4>a- 
UlHCTaMH. 

Taxofi ocTajiacb naMHTb o Maxce rijiaHKe - hccthom, HeMHoro cTapoMOAHOM 
AA» CBoero 6ypHoro BpeMeHH HeiweuKOM npo<})eccope, 6e3rpaHHHHO npeAaH hom 
. KAaccnnecKOH HayKe, b KOTOpyio, caM toto He wejiafl, oh BHec caMOe 6ojibuioe 
p noTpjiceHHe. 

| TaKHM ocTajicB MaKC IljiaHK b BoertoMHHaHHHx Tex, kto ero 3Haji h jifo 6 hjt. 



296 floypo^Hbie paapaSomKU k yve6HUKy r.ft MftKuiueea, 6.6 Syxoeqeea 

ypOK 101. <I>0T03<l><|>eKT 

IJejit: paccMOTpen> flBJiemie <J)0T03<})<})eKTa h bbijichhtb ochobhbic 
ero 3aKOHti. 


Xoa ypoKa 

I. OpraHHiauHOHHwii momcht 

II. IIOBTOpeHHe 

- KaK H3MeHHTca nacTOTa H3MepeHHa, ecjiH aHepraio KBaHTa yBejm- 
hhtb b 2 pa3a? 

- Kaxne H3 (J)H3HHecKnx ABJieHHH He CMorjia o 6 t>jichhtb KJiaccHHe- 
cicaa (J)H3HKa? 

- Kax HcnycKaiOT 3Heprnio aTOMti corjiacHo rHnoTe3e FLuaHKa? 

- KaK H3nyHaeT 3Hepnuo naipeToe rejio comacHO TeopHH MaKCBejuia? 

- Bee jih TeJia H3JiyHaioT 3HeprHio? 

- 3anHuiHTe <}>opMyjiy 3HeprHH M. rijiaHKa? 

- HeMy paBHa nocToaHHaa ILaaHKa? 

III. H3yneHHe HOBoro MaTepna.ia 
3KcnepUMenm 1 

UjiHKOBafl nuacTHHKa coeflHHeHa c 3JieKTpo,uoM h ocBemaerca ojieK- 
TpHnecKOH Ayroft 6e3 cTeKJWHHOH oiithkh. IjHHKOByio njiacTHHy 3apH- 
scaiOT o^hh pa3 OTpHuaTejitHMM 3apJmoM, a ApyroH pa3 noTeHHHajiBHo. 
B nepBOM cayqae aneiopoMeTp pa3pa)KaeTCH, bo btopom - HeT. 

Om,iT c oTpHixaTejiBHo 3apa^ceHHOH ijhhkoboh n jibcthh ko h noBTO- 
paiOT. Ho nynoK CBera nepeKpBraaiOT Henp03panHBiM 3KpaHOM, a 3aTeM 
ySnpaioT, 3<jxj)eKT oSHapyacHBaeTca npH ocsemeHHH npaKTH nee kh cpa3y 
(nepe3 10~ 9 c). 

3KcnepHMeHT c oTpHuaTejiBHo 3ap50KeHHtiMH ruiacTHHKaMH apyrHx 
MeTajuioB. no BpeMeHH pa3pa.ua 3JieKTpoMeTpa £0 Hyjia .uejiaioT bbiboa o 
CKOpOCTH pa 3 p*wa IUiaCTHH. 

3KcnepuMenm 2 

IloBTOpjiiOT om>rr c OTpHixarejitHO aMajitraMHpoBaHHofi iuiacTHHKOH, 
ycTaHOBneHHOH o^hh pa 3 Ha paccTOflHHH 1 m ot HCTOHHHKa CBera, a upy- 
roH - Ha paccTOAHHH B^Boe MeHtuie. Ckopoctb pa 3 pa#a ajieKTpOMeTpa 
yBenHHHBaeTca. 

3KcnepHMeHT c oTpHuarejiBno 3aps>KeHHt.iMH ruiacTHHKaMH uhhkb h 
Me^H. 3KpaH0M H3 opraHHnecKoro cTeioia nepeKpBraaiOT hctohhhk yjiBT- 
pa(J)HOJieTOBoro HajiyneHHa. Ha UHHKe (J)0T03(J)(J)eKT ecTB, Ha Menu - HeT. 

BblBO^Bi: 4>OT03(})(j)eKT COCTOHT H3 BBlpBIBaHRH 3JieKTp0H0B H3 nO- 
BepxHOCTH Mexajuia npH ero ocBemeHHH. 3jieiapHHecKoe nojie OTpHija- 
TejiBHo 3apjt>KeHHOH njiacTHHKH MeTajuia cnocoScTByeT yHocy 3MHTHpo- 
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BaHHtix 3 neKTp 0 H 0 B c noBepxHocxH Mexanna, a 3 jieKTpnHecicoe nojie 
nonoacHxenbHo 3apfl)KeHHOH nnacxHHKH B 03 BpamaeT sneicrpOHbi b Me- 
xann. /JaHHoe ABnemie npaicrH 4 ecKH 6 e 3 biHepnnoHHo. Hhtchcmbhoctb 
4 ) 0 T 034 )(t>eicTa 3 aBHCHT ot poAa Mexanna, bciihhhhli cBeTOBoro noTOKa h 
cneKTpajifcHoro cocTaBa H 3 nyHeHna. 


◄- 

<■ 

◄ 



Puc. 93 


BjiHHHHe 3HaKa 3JieKTpHHecKoro 3ap$xqa njiacTHHKH 
Ha <J)0T03JieKTp0H 

Bojntoean meopun 

OcBo6o)icaeHHe 3 JieiapoHOB c noBepxHocTH MeTajuia He HBnaexcji Me- 
XaHHHeCKHM 3 (|)(j)eKT 0 M. llpH naACHHH 3 JieKTpOMarHHTHOH BOAHbl Ha 
noBepxHocTt Mexanna nepeMeHHoe one KipunecKoe none Bbi 3 breaex ko- 
jie6aHH« cboSoahbix sneKTpOHOB b Mexannax: hx KHHeTHHecicaa 3 HeprH« 
B 03 paCTaeT. npH GoAbUIOH HHTeHCHBHOCTH 3 JieKTpOMarHHTHOrO H 3 Jiyne- 
HHH, a 3 Ha 4 HT, HanpflXCeHHOCXH E 3 JieKTpHHeCK 0 r 0 no M, KHHeTHHeCKan 
3 HeprH« 3 JieKXpoHa Moacex aocxhhb BennnuHti, nocxaxoHHon Ana Toro, 
nxoGfei npeoAonexb chjili npnxjOKeHHH k Mexanny h noKHHyxb ero. OAHa- 
ko onbixbi noKa3i»iBaiox, 4x0 ((joxoo^^eicx Hacxynaex Aaace npH Manbix 
HHxeHCHBHocxax CBexa, 3 xo He MO^ex 6bixb oGbachcho Ha ocHOBe boa- 
HOBOH XeopHH. 

Keanmoean Kapmuna 

npH nornomeHHH (JioxoHa 3HeprH« (})oxoHa E-hv nepeAaexca 
cBo6oAHOMy 3neKTpoHy. OHa pacxoAyexca Ha ocBo6o}KAeHne sneicxpo- 
Ha H3 MeTanna - Ha pa6oTy Bbixona h Ha coo6meHHH eMy KHHexHne- 
ckoh oHeprHH. 

n P H 3xo m 3Heprwa (})oxoHa nepeAaexca oneicxpoHy b Mexanne xonbico 
uejiHKOM, a caM (})Oxoh nepecxaex cymecxBOBaxb. 

CerOAHA BHeiHHHM ({)0T03({)(J)eKX0M Mbl Ha3bIBaeM ABAeHHe, KOrAa 
noA AencxBHeM oneicxpoMarHHXHoro H3Jiy4eHHA BenjecTBo HcnycKaex 
3 neKxpoHLi . Hanano 3X0My oxKpbixmo 6buio nonoxceHO erne b 1887 r., 
Korna TeHpHX Tepn, 3aHHMaacb onwxaMH c aneKXpoMarHHXHbiMH boji- 
HaMH, 3aMexHA, mxo ecAH ocBexHXB HHHKOByio nnacxHHy ynbTpattmone- 
tfJiTOBUM CBeXOM, XO OHa 3apAAHXCfl. 
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KojiHHecTBeHHaa 3 aKOHOMepHOCTb (J) 0 T 03 (}){})eKTa 6 buia ycTaHOBJieHa 
A. T. CTOJieTOBbIM. 

ffepebiu 3 (ikoh 

Oototok HacbimeHH 5 i nponopUHOHaneH CBeTOBOMy noTOKy, na^aio- 
meMy Ha MeTajui: 

i '=« *». 

r jxe v~ Koa4>4)HUHeHT nponopunoHajibHOCTH, Ha3braaeMbiH (J)OTOHyB- 
CTBHTejibHOCTbio BemeCTBa. 

Cue^OBaTejibHo, hhcjio 3 JieKTp 0 H 0 B, BbiGnBaeMbix 3a 1 c H 3 BeiuecT- 
Ba, nponopUHOHajibHO hhtchcmbhocth CBeTa, na^aromero Ha 3 to Beme- 

CTBO. 


B mop ou 3 (ikoh 

H 3 MeHJIfl yCJIOBHJI OCBemeHHOCTH A. r. CTOJieTOB yCTaHOBHJl, HTO 
KHHeTHHeCFCafl 3HeprHJI ({)OT03JieKTpOHOB He 3aBHCHT OT HHTeHCHBHOCTH 
najiaiomero CBeTa, a 3aBHCHT ot ero nacTOTbi. 

Ecjih k ocBemeHHOMy 3 JieKTpo^y noaKJiioHHTb nojioxorrejibHbiH no- 
jiioc GaTapew, to npH HeKOTopoM HanpflHceHHH 4 >ototok npeKpamaeTCfl. 
3 to BBJieHne He 3 aBHCHT ot BejiHHHHbi CBeTOBoro noTOKa. Hcnojib 3 yfl 
3 aKOH COXpaHeHHH 3 HepTHH: 


r^e e ~ 3 ap«^; m - Macca ajieKTpOHa; u - cxopocTb aneiapoHa; U 3 - 
3 anHpaiomee HanpioKeHHe, - ycTaHaBJiHBaioT, hto ecjiH nacTOTy jiynen, 
KOTopbiMH oGuynaioT ajieicrpoA, yBejiHHHTb, to U 3i > , no 3 TOMy 


Err > E 


* . * 


Cjie^OBaTejibHO, v 2 > . 

TaKHM 06pa30M, KHHCTHHeCKafl 3HepTHfl (})OT03JieKTpOHOB JIHHeHHO 
B03pacTaeT c nacTOTOH CBeTa, 


Tpemuu 3dKon 

SaweHHH b npnGope waTepnaji cJ)OTOKaTO^a ; Ctojictob ycTaHOBHJi 
TpeTHH 3 BKOH 4 > 0 T 034 ><j)eKTa. 

J\nsi Kaxc^oro BemecTBa cymecTByeT KpacHaa rpaHHua <() 0 T 03 (J) 4 >eKTa, 
t. e. cymecTByeT HaHMeHbmaa nacTOTa v m j n , npn KOTOpoit eme B 03 M 0 )KeH 
(J) 0 T 03 (J) 4 )eKT. 

IlpH V < V mjn - HH npH KaKOH HHTeHCHBHOCTH BOJIHbl HajjaiOmerO 
CBeTa Ha (j)OTOKaTO£ 4 )OT 03 (()<t)eKT He np 0 H 30 H,aeT. 


Memeepmbiu 3dKon 

OoT03(J)(J)eKT npaKTHHecKH 6e3biHepuHOHeH. 
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Teopuft (j>omo3<p<f>eKma 

A . 3 HHiirreHH, pa 3 BHB H^eio FLnaHKa (1905 r.), noKa 3 aji, hto 3 aKOHw 
(|) 0 T 03 (J)(i)eKTa MoryT 6 mtb o 6 i>jicHeHbi npn noMoum KBaHTOBOH TeopHH. 

^BJieHHe ^)0T03<j)(j)eKTa 3KcnepHMeHTajibHo 40Ka3bJBaex, hto cbct 

HMeeT npepbiBHCTyio crpyicrypy. 

HuiyneHHaa nopuHJi E = hv coxpaHaeT cboio HimHBHxjyajibHocTb h 


norjiomaeTca BemecTBOM TOJibKO'uejiHKOM. Ha ocHOBaHHH 3aKOHa co 
xpaHeHHH 3HeprHH: 


hv = A + 


mo 2 

~ 2 ~ 


Tax KaK v - — , to: 
A 


mv TT A , e L 

— = U 3 e\ A = o KJp h=- h; 

1 



* 4, P . 

UlecTHa^uaTb iieT cnycTJi KJiaccHHecKyio npocToiy ypaBHeHHa 3 hh- 
urreHHa HlBeACKaa aKaaeMHn HayK oTMCTHJia Ho6ejieBCKOH npeMHen. Ho 
b 1905 r. Kor^a ypaBHeHHe 6biJio HanwcaHO BnepBbie, Ha Hero onojinn- 
jiHCb Bee, Aaxce IlfiaHK. 

A . 3HHiirreHH nocTynHJi Tax, KaK 6y^TO ro Hero Boo6me He cymecT- 
BOBaJlO <])H3HKH, HJIH, nO KpEHHeH Mepe, KaK HeJIOBeK, HHHerO He 3HaiO- 

mHH 06 hcthhhoh npHpo^e cBeTa. 3;jecb cKa3ajiacb 3aMeHaTejibHa« oco- 
OeHHocTb 3HHuiTeHHa: b coBepmeHCTBe Biiaaea hothkoh, oh 6ojibme 
AOBepJUl HHTyHUHH H <j)aKTaM, npHHeM CJiynaHHblX <j)aKTOB B <j)H3HKe jjjih 
Hero He cymecrBOBajio. Ilo3TOMy b HBjieHHH <j)OT03(j)(j)eKTa oh BH^eJi He 
.aoca^Hoe HCKjnoHeHHe H3 npaBHJi bojihoboh ohthkh, a cimiaji npwpo^bi 
o cymecTBOBaHHH eme HeH3BecTHbix, ho rayOoKHx 3aKOHOB. Tax yytc 

CJtyHHJJOCb, 4T0 HCTOpHHeCKH CHawaJia 6bUIH H3yneHbI BOJIHOBbie CBOHCT- 
Ba CBeTa. TojibKO b ABjieHHH 4>0T03(J)(j)eKTa 4 >h3hkh BnepBbie CTOJiKHy- 
jiHCb c ero KOpnycKyjiapHbiMH CBOHCTBaMH. y 6oJibuiHHCTBa H3 hhx 
HH epUHH MbiuiiieHHa 6buia HacTOJibKO BejiHKa, hto ohh 0TKa3biBajincb 
BepHTb. 


IV. 3aKpenJieHue loyneHHoro Marepwajia 

- B neM coctoht *BjieHne (j) 0 TO 3 <jxj)eiera? 

- Koraa h KeM 6 buio OTKpbiTO HBjieHne (j) 0 T 03 (f><f>eKTa? 

- HapHcynTe cxeMy ycTaHojBKH onbiTa Fepua h o 6 T>acHHTe, b new 
cyTb onbiTa. 

- 06 i>acHHTe onbiTbi A. T. CTOJieTOBa. 
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- 06'bflCHHTe 3aKOHLI (J)0T03(|)(t)eKTa C TOHKH 3peHHfl KBaHTOBOH 
TeopHH CBeTa. 

- HanmiiHTe (J)opMyjiy 3 HHiUTeHHa min ((jOToa^^eKTa w 06'bflCHHTe 
ee ({)H3MHecKyK) cyTb. 

- KaKOBO ycjiOBHe cymecTBOBaHH* (J)0T03(|)(t)eKTa? 

- Hto Ha3MBaK)T KpacHOH rpaHHuefi 4)0T03(j)4)eKTa? 

- 3anHiuHTe <J)opMy;iy jym KpacHOH rpaHHijbi (J)0T03(t)(|)eKTa. 

V. PeuieHHe 3a^an 


3adana M ] 

Onpe,nejiHTb HaH6ojibiuyio juiHHy bojihli CBeTa, npH kotopoh mokct 
npOHCXO^HTb (J)0T03(J)tJ)eKT JJJ1X IIJiaCTHHbl. 



(( Omeem : /L max =2,34-10 7 m.) 


3adana M 2 

OnpeAejiHTb HaHOojibinyio CKOpocTb 3jieKTpOHa, BbijieTeBiuero H3 ue- 
3 ha, npw ocBemeHHH ero cbctom c qacTOTOH 7,5* 10 14 Tu. 



(Omeem: u max ~ 6,2* 10 5 m/c.) 


3adaua M 3 

HaHOojibmaa jyiHHa bojihm CBeTa, npw kotopoh nponcxo,nHT 4 >oto- 
3(J)(t)eKT Ann BOJib(f>paMa, 0,275 mkm. 

HafiTH: 

1) paOoTy BbixoAa 3jieKTpoHOB H3 BOJib(J)paMa; 
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2) HanSoJlLUiyK) CKOpOCTb 3JieKTpOHOB, BBIpWBaeMLIX H3 BOJIb(}>pa- 
Ma cBeTOM ajihhoh bojihbi 0,18 mkm; 

3) HanGojituiyK) 3Heprnio 3 thx 3JieMeHTOB. 


Aa ho: 

X max = 2,75-10- 7 M ; 
X= 1,810“ 7 m; 


h = 6,63- 1CT 34 flwc; 
c = 310* m/c; 
m e = 9,1 • i 0~ 31 Kr. 


_9 


PemeHHe: 

he 


= 


, , mL> v c „ v 

hv = X, + — ; v = — h E = — — 


h—-A + E 4 E - — -A 

n ^ ~ i 8 bix ^ ^max * ^max ^ ^aux * 


(Omeem: A tta = 7 j 2-10" 19 JI? k; E max = 3,85KT 19 JS?k; o max =9,210 5 m/c.) 


VI. IIoflBefleHHe HToroe ypoKa 

Ao Maumee laziaHHe 

n. 88, 89. 

P- 1 103; P- 1005. 


/(onojiHHTenbHbiH MaTepnaji 

IlepBbie onbiTbi no HCCAeAOBaHHio 4>0T03<j>(])exTa A. T. Ctojictob Hanan 20 
(j)eBpajia 1888 r., HecneAOBaHHa npoAonwanncb npaxTHnecxH HenpepbiBHo ao 21 
hiohji 1889 r. 

B onbiTax Hcnojib30BajicH rajibBaHOMeTp c ueHon AejieHHa 6,7 «Ha 10 b mh- 
Hyc 10-h CTeneHH» A. C noMombio cneunajibHoro MamnTa HyBCTBHTenbHocTb 
rajibBaHOMeTpa yBejiHHHBajiacb, ijeHa AeneHHa cocTaBJiajia 2,7 «Ha 10 b MHHyc 
10-h cTeneHH» A. Hctohhhkh Toxa npKMeHajiHCb pa3JiHHHbie, HHor^a onbiT npo- 
BOflHJICa 6e3 HCTOHHHXa TOKa. 

A. T. Ctojictob Ha3Baji ABa Ancxa (cnAOLUHOH h b bhac cctxh) ceTHaTbiM 
KOHAeHcaTopOM. CnjioixiHOH ahcx ocBemajica c toh CTOpoHbi, rue HaxanAHBanca 
3/ieKTpHHecKHH 3ap«A, a ceTKa ocBemajiacb co CTOpoHbi, rAe 3apHAOB npaxTHHe- 
ckh He 6buio. 3 to no3BOJiaJio HaHjiyHiuHM o6pa30M HCCJieAOBaTb «pa3pa>Kaio- 
mee» AeHCTBHe CBeTOBbix jiyneH. 

Pa3Mepu ahckob noA6Hpajincb Tax, hto6h npH He6oubmoM paccToaHHH ot 
3JieKTpHHecxoH AyrH (npHMepHO 20 cm) ciuioluhoh ahcx nojiHOCTbio ocBemajica 
ot OTBepcma, oxpyacaBLuero jiaMny, AwaMeTpoM 10 cm. PaccTOHHHe ot Ancxa ao 
aaMnbi noA6HpaAocb Tax, HTo6bi He 6biAO CHjibHoro HarpeBa Awcxa. 

C HyBCTBHTejibHbiM rajibBaHOMeTpOM A. V. Ctojictob o6Hapy>KHA tok b uenn 
cnjiouiHOro Aacxa h cctxh Aa>xe npH oneHb MajieHbKHx 3HaneHH«x Hanpa>xeHHa 
Me)KAy hhmh, ho npH HenpeMeHHOM ycjiOBHH, hto x ocBemaeMOMy AHexy 6 hji 
npHcoeAHHeH oTpHqaTejibHbiH nojitoe 6aTapen ranbBaHHnecxHx 3JieMeHT0B, a x 
cerxe - nono)KHTejibHbiH. flpH Majibix HanpaweHHHx tox B03HHxan npH 6jih3xom 
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pacnojioaceHHH aAexrpoAOB (jjHCKa h cctxm), npw 6 ojiee bwcoxhx HanpioxeHHHX 
tok 6 ma 3 aMeTeH as) K e npn paccTOJWHAX Oojibiiie 10 cm. 

Ecah ocBemaeMbm ahck cocahhhaca c noAOxcHTeAbHWM noJiiocOM 6aTapeH, a 
cerKa c OTpHuaTejibHbiM, 3AexTpHHecxHH tok b uenn OTcyrcTBOBaji. A. Y. Cmne- 
TOB Ha3Bajl 3TO CBOHCTBO Ha6jlIOAaeMOrO ABACHHA - HenyBCTBMTeJIbHOCTH nojio- 
5KHTeJlbHblX 3ap«AOB K CBCTOBblM JiynaM - yHHnOAflpHOCTbK) «aiCTHH03JieiCTpHHe- 
CKoro aohctbha» (hmchho TaK Ha3biBaa A. V. Ctoactob sBjieHne, KOTopoe oh 
HCCJieAOBan). 

A. T. Ctojictob oSHapyacHji, hto Ha npOTexaHHe hbachha cymecTBeHHbiM 06 - 
pa30M BJiH»eT cocTOSHne noBepXHoCTH MerajuiHHecKoro AHCKa. Ranee njioxo 
OKHCJUieMbie Ha B03Ayxe MeTajuibi (HnxeAb. cepe 6 po, naaTHHa) AaBann caaGbie 
tokh, ecjjH hx noBepxHOCTb we 3 aHHinajiacb HenocpeACTBeHHo nepeA npOBeAeHH- 
eM 3 KcnepHMeHTa (xotji Ha B3nuiA ohh butajiacah BnojiHe HHCTbiMH). OneHb 
TpyAHo, npaKTunecKH hcbo3mo>kho 6 biJio Ha 6 jiiOAaTb JiBjieHHe c AwexaMH, no- 
BepXHOCTH KOTOpbIX ABBHO He 3aHHU;ajlHCb HJ 1 H H3 JierKO OKHCJlfleMblX MeraJIJIOB, 
HanpHMep, uHHxa. Aa*<e MajieHiiiHH cjioh OKHCJia cymecTBeHHO bahaa Ha xoa 
ABACHHA. 

Ctojictob ycTaHOBHJi, hto hctohhhkom Toxa AOJixcHa 6 bura 6 biTb hmchho Ay- 
roBaa jiaMna - 3AexrpHHecxaA Ayra. C ApyrHMH HCTOHHHxaMH cBeTa onbiT He 
noAynaACx. 

B onbiTax CmneTOBa 6 mao BbiaBJieHO, hto achctbhc CBeTa - aAexrpHHecxHH 
tok - 3aBHCHT ot Toro, HacKOAbKO hhtchchbho ocBewaeTCA aaeKTpoA. Kax nHcan 
caM Ctoactob: «...AefiCTBHe (cnAa Toxa) nponopunoHaAbHO HanpxaceHHOCTH 
ocBemeHHa hah, AyHUie cxa3aTb, xoAnnecTBy axTHBHbix AyneH». 

B onbiTax npHMeHAAOCb h npepwBHCToe oceemeHne A«cxa c noMombio xap- 
TOHHOro xpyra c ceMbio oxomxaMH no cexTopaM (oxoqjxh h npoMOxyTKH MOKAy 
HHMH 6bIAH OAHHaKOBbI no IIlHpHHe). KapTOHHblH Kpyr npHBOAHACJI BO Bpame- 
HHe c pa3AHHHOH cxopocTbK) - ot OAHoro ao oah HH aAuaTH oOopoTOB b cexyHAy. 
H3MepeHHH chah Toxa npH TaxoM ocBemeHHH noxa3aAH npAMyio nponopuHo- 
HaAbHyio 3aBHCHM0CTb chaw Toxa ot cbctoboh 3HeprwH, naAaiomen Ha MeraAAH- 
HeCKHH AHCK. 

3tot onbiT c npepbiBHCTbiM ocBeujeHHeM Aan eme oahh oneHb bb^khwh pe- 
3 yAbTaT. 3AexrpHHecxHH tok oOHapyixHBaAcx Aaace ecAH ahck ocBemaACA oneHb 
ManeHbKHX npoMOxyTOK BpeMeHH - okoao 1/150 c npw cbmoh 6 oAbinoH exopo- 
cth BpameHHA Ancxa. OAHaxo Ctoactob noHHMaA, hto 3th pe 3 yAbTaTbi He MoryT 
AaTb oxoHHaTeAbHoro otbctb Ha Bonpoc, oOAaAaeT ah H3AyneHHe, Bbi3biBaioinee 
3AeKTpHHeCKHH TOK, npepbIBHCTbIMH HAH HenpepbIBHbIMH CBOHCTBAMH. 

yAHBHTeAbHO, XaX CO CTOAb HeCAOACHbfMH C TOHKH 3peHHA COBpeMCHHOH 
HayxH ycTaHOBxaMH A. T. CTOAeTOBy yAaAocb o6HapyxcHTb Aaxce 6e3biHepunoH- 
HOCTb {()0T034)4)eKTa. 3to 6hao oneHb HeAerxo! A. V. Ctoactob cacaba bmboa o 

TOM, HTO 3AeXTpHHeCXHH TOK B03HHKaeT FIpaKTHHeCKH MTHOBCHHO nOCAe OCBe- 
lUeHHA AHCKa, C nOMOlHbK) XHTpoyMHbIX npHCnOCo 6 AeHHH, n03B0AABUJHX OHeHb 
ObICTpO MeHATb OCBCLUeH HOCTb AHCKa H OAHOBpCMCHHO OHeHb 6 bICTpO 3aMbIKaTb 
h pa3MbixaTb uenb raAbBaHOMeTpa. Flpn 3 tom oxa3aAOCb, hto npn Bcex AoCTyn- 
Hbix b onbiTax cxopocTJix npepbiBaHHH CBeTOBoro noTOxa h 3 AexrpHHecxoH uenn 
nponopuHOHanbHOCTb cham Toxa h 3HeprHH CBeTa He HapyinaAacb. Ctoactob 
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caejiajl BHBO.H O TOM, HTO OJieKTpHWeCKHH TOK «yCTaHaB/IHBaeTCfl MTHOBeHHO H B 
KaacflBiH MOMeHT cooTBerctByeT cwie ocBemeiuw». 


ypoK 102. PeuieHHe 3a^aH 

Ife/ib : OTpa6oTKa HaBbiKOB pemeHHB 3a^an. 

Xoji ypoKa 

I. OpraHHSailHOHHblH MOMeHT 

II. IIOBTOpeHHe 

- B neM 3aioiioHaeTCB BBjieHne 4>0T03(J)(J)eKTa? 

- Kor^a w KeM 6bijio otkpbito HBJieHHe 4>0T03(l)(}>eKTa? 

- HapncyHTe cxeMy ycTaHOBKH onbiTa Tepua? 

- HapncyHTe h o6b5iCHHTe onbiT A. T. CroJieTOBa. 

- 06bBCHHTe 3aKOHbI <})0T03<})<})eKTa C TOHKH 3peHHfl KBaHTOBOH 
TeopHH CBeTa. 

- HanwuiUTe ({jopMyjiy 3HHiiiTeHHa nnn (J)0TO3(j>(j)eKTa h o6bHCHHTe 
ee (J)H3HHecKyio cyTb. 

- KaxoBo ycnoBHe cymecTBOBaHHfl (J)0T03(})(})eKTa? 

- Hto Ha3bmaeTC5i KpacHow rpaHHixen 4)0T03<J)<t)eKTa? 

- 3anHiiiHTe (})opMyjiy jxns i KpacHOH rpaHHUbi <j)0T03(()(})eKTa. 

- rioneMy aHepraa (t>0T03Jiefcrp0H0B onpe/teuneTCK tojibko nacTO- 
toh CBeTa? 

III. PeuieHHe 3a^an 

1 . Haw^HTe nacTOTy v CBeTa, kotopbim ocBemaeTca noBepXHocTb Me- 
Tajuia, ecjiH MaKCHMajibHaa KHHeTHnecKaa 3HeprHH (})OT03JieKTpoHa 
K = 4,5*1 0 -20 flac; pa6oTa Bbixo.ua 3JieKTpoHa H3 MeTajuia A = 7,6* 10~ 19 
J1)k; nocTOBHHaa UnaHKa h = 6,6- 1(T 34 flacc. 

A \ IS 

{Omeem: u = «1,2*10 15 Tu.) 

h 

2. Cbct c BOJiHbi X = 589 hm najiaeT Ha noBepxHocTb ue3Hn. 

HaitaHTe BeJIHHHHy V MaKCHMaJIbHOH CKOpOCTH (})OT0 3 JieKTpOHOB. Pa- 
6oTa Bbixo.ua oneiopoHa H3 ije3HH A = 1,89 3B; nocToaHHaa IljiaHKa 
h = 6,6*1 0“ 34 flix; CKopocTb CBeTa b BaxyyMe c ~ 3- 10 8 m/c; Macca 3jieK- 
xpOHa m ~ 0,9- 1 Or 30 ki\ 

l 3 B=l > 6-10" 1 9 fl)K. 

m,cj 


{Omeem: o~ 
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3. KaKOH aojraHa Gmtb jyiHHa X 3JieKTpOMarHHTHoro H3JiyHeHH», na- 
.aaiomero Ha k3£mhh, hto6li npH <|)0T03<j)4>eKTe BejiHHHHa MaKCHMajit- 
hoh CKOpocTH Bt»iJieTaiomHx 3JieKTpo hob 6buia paBHa v - 7,2* 10 5 m/c. 
PaGoTa Bbixo^a snetcrpoHa H3 Ka£MH5i A = 4,1 3B; nocToaHHaa rijiaHKa 
h — 6,6- 10~ 34 JJacc; CKopocTb cBeTa b BaxyyMe c = 3*10 7 8 m/c; Macca 3JieK- 
TpoHa m = 0,9- 1(T 30 kt. 

1 3 B= 1 , 6 * 10“ 19 

he 

( Omeem : X = — » 225 hm.) 


4. Hafi^HTe jjjiHHy bojihbi X CBeTa, KOTOptiw cnocoGeH bwGhtb h3 ue- 
3HeBoro o6pa3ua 3JieKTpOH c MaKCHMajitHOH KHHeTHnecKOH 3HeprHen 
K = 2 sB. Pa6oTa Bxoaa 3JieKTpOHa H3 qe3Hji A = 1,89 oB; nocToaHHaa 
IlJiaHKa h ~ 6,6* 1(T 34 JJp c*c; CKOpocTt. CBeTa b BaxyyMe c = 3* 1 0 8 m/c. 
l 3 B=l, 6 * 10 - l 9 A 5 K. 

he 

[Omeem: X = * 3, 1 8 hm.) 

A + K 


5. PfejiyneHHe c juihhoh bojihm X = 0,3 mkm najjaeT na MCTajijiHHc- 
cxyio njiacTHHKy. KpacHaa rpaHHua (})OT03(J><j)eKTa jym i MeTajuia, H3 ko- 
Toporo H3roTOBJieHa iuiacTHHa, paBHa v k = 4,3*1 0 14 Th. Haw^HTe b 3JieK- 
TpOH-BOJH»TaX KHHeTHHeCKyiO 3HeprHIO K (J)0TO3JieKTpOHOB. IlOCTOaHHaa 
IlJiaHKa h = 6,6* 10 -34 A>k*c; cxopocTb CBeTa b BaxyyMe c = 3* 10 8 m/c. 

1 3B= 1,6*1 0' l9 ,fl>K. 


(Omeem: K = h 



* 2,35 3B.) 


6. npH noonepejiHOM ocBemeHHH noBepxHocTH HeKOToporo MeTajuia 
CBCTOM C AJIHHaMH BOJIH X\ = 0,35 MKM H^ = 0,54 MKM oSHapyHCHJIH, 
HTO COOTBeTCTByiOmHe MaKCHMaJIBHLie CKOpOCTH (|)OT03HeKTpOHOB OTJIH- 
naioTCH b n = 2 pa3a. HaRairre b 3jieicrpoH-BOjit»Tax pa6oTy Bt>ixo/ty A 3JieK- 
TpoHa c noBepxHocTH Merajuia. nocmiHHafl FLiaHKa h - 6,6* 10 -34 JSp c*c; 
CKopocTb CBeTa b BaxyyMe c = 3* 10 8 m/c. 

1 aB= 1,6*1 0" ,9 a>K. 

[*-±' 

(Omeem: A = — - — — - = 1,9 3B.) 
h 2 (n 2 - 1) 

7. KpacHaa rpaHHua (f>OT03<J)<i)eKTa juia MaTepnana (jjoTOKaTojia coot- 

BeTCTByeT fljiHHe bojihbi X^ = 700 hm. OTHomeHHe MaKCHMajit.Ht.ix cko- 
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poereH (J)OT 03 JieKTpoHOB, BbuiexaiomHx H 3 KaTo^a npH ocBeiueHHH ero 
CBeTOM c AJiHHaMH BOJiH k[ h X. 2 , paBHO n = 3/4. Onpe^eJiHTe k 2 , ecnn 
X\ = 600 hm. 


( Omeem : = 


J___l 

a 


~ 540 hm.) 


IV. noABeAeHHe htotob ypoica 
floMauiHee la^aiiHC 

P - 1106; P -1107. 


YpoK 103 . JIaOopaTopHasi paOoTa 
no TeMe: «H3MepeHHe paOoTbi BbixoAa 3JieicTpoHa 
npn <J)0T03JieKTpH4ecK0M 3c|nJ)eKTe» 

Ifejit: npHoOpeTeHHe onbrra npoBeAeHHa 3 KCnepHMeHTajibHbix hc- 
cjieAOBaHHH c npHMeHeHHeM <j)OT 03 AeKTpOHHbix npwOopoB ajw H 3 Mepe- 
HHB CJia 6 bIX TOKOB 


Xoa ypoKa 

npn HOpMajibHOM pexcHMe pa 6 oTbi KaTOA (J)OT 03 neMeHTa coeAHHjieTCfl 

C OTpHUaTejlbHblM nOJIFOCOM HCTOHHHKa nOCTOflHHOTO HanpjDKeHHA, aHOA - 
C nOJIOXCHTeJIbHbIM nOAIOCOM HCTOHHHKa. ECJIH HeT OCBemeHHJI CHJia TO- 
Ka b uenn (J)OT 03 JieMeHTa paBHa Hyjno, xaK KaK MexcAy kbtoaom h aHo- 
Aom BaxyyM. npn ocBemeHHH KaTOAa c aahhoh boahm Kopone KpacHOH 
rpaHHUbi $OT 03 (^(^eKTa b uenn B 03 HHKaeT sacktphhcckhh tok. 

hv = A+tk A = hv-E k 

MaKCHMajibHyio KHHeTHHecKyio SHepnno 4 >oto 3 acktpohob moxcho 
H 3 MepHTb, npHMCHHB mctoa 3 aAep)KHBaiomero noxeHunaAa. KaTOA $0- 
T 03 JiCMeHTa coeAHHjnox c noJio^KHxejibHbiM nojnocoM peryjiHpyeMoro 
HCTOHHHKa nOCTOflHHOTO HanpiDKeHHfl, aHOA - c OTpHltaTeUbHblM norno- 
com. K (J)OT 03 JieMeHTy noAKjnonaiOT rajibBaHOMeTp. npH ocBemeHHH 
KaTOAa b uenn (})OT 03 jieMeHTa npoTeKaeT 3 jieKTpHHecKHH tok, TaK KaK 
nacTb ocBo 6 o^AeHHbix c KaxoAa (j) 0 T 03 JieKTp 0 H 0 B nonaAaex Ha aHOA. 
npn nnaBHOM yBeAHHeHHH HanpHxceHHfl MOKAy katoaom h bhoaom c 
noMombK) noTeHUHOMeTpa cHAa TOKa b uenn $oxo 3 AeMeHTa nocTOflHHO 
yObmaeT, t. k. 3 AeKTpHHecKoe noAe npH oOpaTHOM noAKAK>HeHHH (fjoxo- 
3 AeMeHTa k HCTOHHHKy HanpjDKCHna npenjiTCTByex abhhcchhio 3 AeKTpo- 
hob ot KaTOAa k aHOAy. MHHHMaAbHoe 3 HaneHHe HanpaxceHHfl, npeKpa- 
iijaiomero tok b uenn (JjoTOSAeMeHTa, Ha 3 bmaeTca 3 anHpaiomHM Hanpa- 
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aceHneM. MaKCHMajiBHaa KHHeTHHecKaa 3HeprH« (}>0T03JieKTp0H0B paBHa 
paGoTe chji 3ji. nojifl. 

E k = eU A = hv- eU. 


Xoa paGoTbi 

1. CoGepHTe 3JieKTpHHecKyio uenb no cxeMe (pnc. 94). YcTaHOBHTe c 
noMombio noTeHUHOMeTpa HanpjDfceHHe Ha (J)0T03JieMeHTe paBHtiM Hy- 
jiio. HanpaBBTe Ha 4>OT03JieMeHT cojihchhbih cbct hjih cbct ot sjieicrpH- 
necKOH jiaMnbi. TajibBaHOMeTp b uenn o6Hapy>KHT aneKTpHHecKHH tok. 



2. YcTaHOBHTe b okouikc nepe;* (J)0T03JieMeHT0M chhhh cbcto- 
<j)Hjn>Tp. HanpaBLTe cbct nepe3 CBeTO<j)HJibTp Ha (J)0T03JieMeHT. llocTe- 
neHHO yBejiHHHBaB 3anHpaiomee HanpjDiceHHe, onpe^enHTe 3Ha4eHHe 
3anHpaiomero HanpflaceHHfl U, npn kotopom cHJia TOKa b uenn tjxyroajie- 
MeHTa CTaHOBHTCa paBHbIM HyjTK). 

3. ITo H3MepeHHOMy 3HaneHHK) 3anHpaiomero HanpJDKeHHfl U , nacTO- 
Ta cBeTa d = 7,15 * lO 14 ^ 1 , nponycKaeMoro chhhm CBeTO(j)HjibTpoM h H3- 
BecTHbiM 3HaneHHeM nocTOflHHOH IlJiaHKa h = 6,6 ■ 10“ 34 JSpcc h 3ap*ma 
ajieKTpoHa e = 1,6 * 10- I9 Kji. Bmhhcjihtc pa6oTy Bbixo^a A 3JieKTpOHOB 
c noBepxHOCTH KaTO^a <])0T03JieMeHTa. Bbipa3HTe 3HaneHHe pa6oTti bli- 
xofla b jvKOyjixx h 3jieKTpoHBoni>Tax. Pe3yjiBTaThi H3MepeHHH h bbihhc- 
jieHHH 3anHuiHTe b Ta6jiHuy. 


V, c 1 

U,,B 

Al 

A aB 






^OMauiHee sa^aHHe 

P- 1108, P- 1109. 
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ypoK 104. OomoHbi 

YpOK 104 . OOTOHbl 

Lfejtb: c(})opMHpoBaTb y ynamHXCfl npe^craBjieHHe o t})OTOHe. 

* Xoa ypoKa 

1. OpraHH3aUHOHHMH MOMCUT 

IT. JIaOopaTOpHasi padora (<f»poHTajibHbiH 3fccnepHMeirr) 

3adanue: MccjieAyirre h o6t»5?chhtc jiBJieHiui, B03HHKaiomHe b 3JieK- 
TpHHecKOH uenw (pwc. 95) npH ocbcuichhh hcohoboh jiaMnoHKH JiaMnofl 
uaKajiHBaHMa. 


Puc. 95 

R = 310 8 m/c; Ci = 1 mkO; C 2 = 0,5 mkO. 

HeoHOBbie jiaMnw HMeiox ue3neBtiH KaTOjb 3a cneT 3Toro jiaMnonKa 
OKa3biBaeTCJi HyBCTBHTejibHoii k 6ejioMy CBeTy h yjibTpatfiHOJieTOBOMy 
H3JiyHeHHio. riepe# onbrroM no/iaiOT HanpjDKeHHe, HecxojibKO MeHbinee 
HanpjoKeHwa 3a5KHraHHfl hcohoboh JiaMnoHKH. npH ocbciuchhh KaTOjia 
KBaHTbi CBeTa BbidwBaioT c ero noeepxHOCTH 3jieKTpoHbi, hto Bbi3biBaeT 
ycHjieHHe Toxa h 3ascHraHHe JiaMnoHKH. IIpw 3 tom conpoTHBJieHHe pe3Ko 
na^acT, h 6aTapea KOH^eHcaTOpoB pa3pa»aeTCfl nepe3 JiaMnonxy h 
rpoMKoroBOpHTejib, Bi.nwBaa mejinox. MeHJM paccToxHHe ot JiaMnoHKH 
A o ocBeTHTeJia, 3aMenaeM h3mchchhc nacTOTbi cjieaoBaHiw ihcjihkob. 

111 . H 3 yneHHe Hosoro MaTcpnajia 

Ootoh - MarepHajibiiaa, 3jieicrpHHecKH HCHTpajibiiaa nacTHua. 3Hep- 
rwfl <})OTOHa: 

E - hv hjih E-hco\ 

. h 

ti = — ; co - 2mv ; 

2m 

h = 6, 63 1 O ' 34 k c; 

h « 1,55 -10“ 34 

CorjiacHO TeopwH oTHocHTejibHOCTH: 

E = me 2 = hv . 

rw hv 

Orcio^a m - — , 
c 

rjje m - Macca ((loroHa, 3KBHBajieHTHaa 3HeprHH. 
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HrvinynbC p-m-c- — = — = — , t. k. c = Xv . 
c c X 

HMnyjiLc (})OTOHa HanpaBJieH no cBeTOBOMy nynxy. 

OcHOBHtie CBoncTBa (f)OTOHa: 

L flBjifleTca nacTHnen oneKTpoMarHHTHoro non*. 

2. ^BHBCeTCH CO CKOpOCTBK) CBeTa. 

3. CymecTByeT tojilko b ^bhbcchhh. 

4. OcTaHOBHTb (J)OTOH HeJIb3ff: OH JIh6o ^BHMCeTCB CO CKOpOCTbK) u = c, 
jth6o He cymecTByeT. Cjie^oBaTejifcHo, Macca noKoa <})OTOHa paBHa Hyjno. 

TaKHM o6pa30M, MHorne (})H3 hkh b Hanajie XX b. npHiniiH k Bbrao^y, 
hto CBeT o6na^aeT AByM» cbohctbbmh: 

1) npH paCnpOCTpaHeHHH OH npOJIBJIfleT BOJIHOBbie CBOHCTBa. 

2) npH B3aHMOaeHCTBHH C BeiH,eCTBOM npOBBJWeT KOpnyCKyjIflpHbie CBOH- 
CTBa. Ero CBOHCTBa He CBO/JHTCB HH K BOUHaM, HH K HaCTHUaM. riOJITBep>KHa- 
er 33koh flHajieKTHKH: kojihhcctbo nepexo^HT b KanecrBO. HeM 6oJii>me v; 
TeM apne Bbipa^eHti KBaHTOBtie CBOHCTBa CBera h MeHee - BOJIHOBbie. 

IV. 3aKpenjieHHe H3ynemioro MarepHa.ia 

- Hto npe^CTaBJiaeT co6oh (|)otoh? 

* - IlepeHHCJlHTe OCHOBHbie CBOHCTBa (})OTOHa? 

- HannuiMTe 4>opMyjiy 3HeprHH (J)OTOHa, 3Haa nacTOTy KOJie6aHHH 

CBeTa, jih6o Hcnonb3yji ^JiHHy bojihh. 

- Kax onpejtejiHTb Maccy h HMnyjibc (f)OTOHa? 

- Kax HanpaBjieH HMnyjibc (J)OTOHa? 

V. PCHiCHHC 3a#aH 


3adana M 1 

OnpejiejiHTe OHeprHio, Maccy h HMnyjibc 4>OTOHa BHjjHMoro CBeTa c 
JUIHHOH BOJTHbl X = 500 HM. 

PeiueHHe: 

flotc c — 

E = hv = h—\ E= =[Motc\. 

X M 


Macca: m = ; 

X-c 

flotc-c 

M 

m ■ — 
c 




m = 


K2\ . 
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HMnyjiBC (J)OTOHa: p = me - — ; p = 

A 


flDiC-C K2‘M‘MC K2-M 


M 


(Omeem: E = 4-10 Jly k; m = 4,4-10 36 kt; p = 1,3*10 z/ Kr- m/c.) 


c 2 • JW 


-27 


Onpe,nejiHTe .njiHHy bojihbi (J)OTOHa, HMnyjitc KOTOporo paBeH hm- 
nyjitcy 3JieicipoHa, npojieTeBinero ycKOpniomyio pa3HOCTb ncyreHUHajioB 
4,9 B. 


J{slho: 

U — 4,9 B; 

P(J) — Pc» 

h = 6,63 10- 34 ^»c; 
|e| = 1,610“ 19 Kji; 
rtie = 9,1 -10~ 31 Kr. 
X-? 


PeiueHHe: 

r* /2 h « h 

P^=mc = —\ P e = m o ; — = m u ; A = 

A A mu 


m e u 2 m e vl _ 


A; v 0 = 0 ; A = eU 


mu 


e-U ; v = 


2 eU 


V «. ‘ 




m. 


2 eU yj 2 eUm e 




(Omeem: 0,56 hm.) 


3adaua M 3 

Ckojibko (Jjotohob nona^aeT 3a 1 c b rjia3a nenoBeKa, ecjiH rjia3 boc- 
npHHHMaeT CBeT C AJIHHOH BOJIHbl 0,5 MKM npH MOmHOCTH CBeTOBOrO 
noTOKa 2-10” 17 Bt? 


JJaHo: 
t = 1 c; 

X = 5-10” 7 m; 
p = 210“ 17 Bt; 
h = 6,63- 10“ 34 flac-c; 

c = 5-10 8 m/c. 

N - ? 


(Omeem: N = 50.) 


PemeHHe: 

IloiiHaji 3HeprnH (jjOTOHa, nonaBiuero b rjia3, 
paBHa W = P t . 

3HeprH5i o^Horo {JjaxoHa; 

p , he W Pt-A 

E = hv- — ; N = — = ; 

A Eh-c 


N = 


Bm • C'M 

flw • c • — 
c 


Mote ! C'C 
/Jdk 


VL no^BeACHHe HToroe ypoica 
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^OMauiHee lauaHHe 

n. 90. 

P - 1 1 17; P - 1119. 


YpoK 105. PeuieHMe 3auaq 
Ifejit: oipafxmca hobukob peuieHiw 3 aaan. 

Xoa ypoica 

I. OpraHH3ai|HOHHUH MOMeHT 
IL nOBTOpCHHC 

- Hto npeACTaajuieT co6oh 4>otoh? 

- flepeHHCJlHTe OCHOBHBie CBOHCTBa (J>OTOHa. 

- HanmuHTe (Jjopwyjiy oHeprHH (J>OTOHa, 3Haa nacroTy KOJie6aHHH 
CBeTa HJ1H AJIHHy BOJIHBI. 

- KaK oirpeuejiHTB Maccy h HMnyjibc ({)OTOHa? 

-- Kax HanpaBJieH HMnyjibc (J)OTOHa? 

III. PemeHHe 3auan 

1. MoiuHOCTb MOHOxpoMaTHqecKoro HCTOHHHKa CBera P = 132 Bt. 3a 

BpeMa r- 2 c hctohhhk HcnycKaeT N = 810 20 cBeTOBbix KBaHTOB. Haif- 

jiwre AJiHHy bojihbi X H3JiyqeHHJi. IlocTO»HHaK IlnaHKa h = 6 , 6 * 10 -34 Jlpcc; 

CKopocxb CBeTa b BaxyyMe c = 3- 10 8 m/c. 

. _ . Nhc , 

( Omeem : X = — — = 0,6 mkm). 

2. Py6nHOBbiH Jia3ep 3a Bpe%w x— 2*10 -3 c H3JiynaeT N = 2*10 19 KBaH- 
tob Ha ujume bojihbi X = 690 hm. HaHmrre moiuhoctb P Jia3epa. IIoctohh- 
Ha a rtaaHKa h - 6,6* 10~ 34 ^ c; CKOpocrb CBera b BaKyyMe c- 3* 1 0 s m/c. 

Nhc 

(i Omeem : P = *2,9 kBt). 

Xt 

3. Hctohhhk CBera HanynaeT e)KeceKyHUHo n= 10 19 (Jiotohob Ha ujihhc 
bojihbi X = 500 hm. Kaxyio moiuhoctb P norpefSjweT 3 tot hctohhhk, ecjiH b 
CB eTOByio 3HeprHio nepexoairr rj = 10% norpe6jweMOH 3HeprHH? Hocto- 
sHHafl IlnaHKa h = 6,6* 10 _34 kc; CKOpocrb CBera b BaxyyMe c = 3* 1 0 8 m/c. 

/vn D ,00 % nfiC Af\ D \ 

(Omeem: P — *40 Bt). 

tj A 

4. XHMHHeCKHH Jia3ep C03UaeT HH(|)paKpaCHBIH JiyH MOIUHOCTBK) 
P = 36 mBt. Ouhh KBaHT H3JiyneHH5i HMeeT 3HeprHio E { = 7,2*10 20 k h 
HMnyjibc Pj - 2,4- 10“ 28 kpm/c. HawuHTe BejiHHHHy F chjibi, ueucTByio- 
meu Ha Taxon Jia3ep b npouecce pa6oTBi co ctopohbi H3JiyHeHH». 
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(Omeem: F = = 1, 2 * 10 


-10 


H). 


5. Moiuhoctl ToneHHoro MOHOXpOMaTHnecKoro HCTOHHHKa CBeTa 
= 10 Bt Ha ^JiHHe bojihli X = 0,5 mkm. Ha KaKOM MaKCHManbHOM paccToa- 
|ihh r 3TOT hctohhhk 6y.neT 3aMeneH qejiOBeKOM, ecjiH rjia3 HaneacHO pern- 
HpyeT n = 60 (Jjotohob b cexynny? ^naMerp 3paqxa d - 4 mm* Hoctoah- 


IljiaHKa h = 6,6‘ 1 0 34 flac-c; CKopocTb CBeTa b BaxyyMe c - 3* 1 0 8 m/c. 


m d \ PX 

(Omeem: r = — 

4 v hen 


6,5-10 5 m). 


| 6* nyqoK jia3epHoro H3JiyqeHmi moiuhoctbio P = 100 Bt nanaeT Hop- 

jjuaJibHO Ha Henpo3panHyio ruiacTHHKy. rXaacTHHKa noraomaer tj - 50% na- 
^jjaiomeH 3HeprHH, a ocTajibHyio, 3epKajibHyio, - OTpaxcaeT. Han^HTe BejiH- 
^MHHy F chji£»i ^aBjieHHH CBeTa Ha ruiacTHHKy. 3Hepnw F (JjoTOHa CBA3aHa c 
■ flCJiHHHHOH p ero HMnyjibca cooTHomeHHeM E — px. 3necb c = 3*10 8 m/c - 
IXKopocTb CBeTa b BaxyyMe. 

n ^0,5-KT 6 h). 


{Omeem: F = — 
c 


2 

v 100% 


; 7. B peHTreHOBCKOH TpyOxe 3jieKTpoHbi, HcnycKaeMbie HarpeTOH 

npoBOjiOHKOH K , ycKopaiOTca 3JieKTpHHecKHM nojieM, ynapsnoTca o mh- 
; UieHb A H TOpM03flTCfl, HCIiyCKafl npH TOpMCttKeHHH 0£HH HJIH HeCKOJIbKO 
l peHTreHOBCKHx (Jjotohob. Han^HTe caMyjo KOpOTKyio HJiHHy bojihbi A, min 
! peHTreHOBCKoro H3JiyqeHH5i, ecjiH HanpjixceHHe Meacny 3jieKTponaMH A h 
pJT paBHO U - 30 kB. nocToaHHaa FIjiaHKa h = 6,6* 10” 34 JJ? kx; CKopocTb 
rpacnpocTpaHeHHA 3jieKTpOMarHHTHbix bojih b BaxyyMe c ~ 3* 1 0 8 m/c; 
>3jieMeHTapHbiH 3ap*m e = 1,610 -19 Kji. CxopocTb 3JieKTpoHOB npH BbiJie- 
rre H3 KaTo^a CHHTaHTe paBHOH Hyjiio. 

'i {Omeem: A min = * 41 hm). 

i eU 

^OMauiHee 3anaHHe 
P - 1 121; P - 1125. 


YpoK 106. CaiviocTOflTejibHan paSoTa 

IJejib : HayqHTb 'Hcnonb30BaTb TeopeTHnecKHe 3HaHHfl Ha npaKTHKe 
npw pemeHHH 3anan. 

Xo jx ypoKa 

Bapuanm I 

L Kaic H3MeH3eTCJ} co BpeMeHeM HHTeHCHBHOCTb HcnycxaHHa 3JieK- 
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TpOHOB UHHKOBOH IIJiaCTHHKOH npH 06 jiyHeHHH ee yjlbTpacjlHOJieTOBMM 
cbctom? ( YMeubmaemcH .) 

2. KaK H3MCHHTCH KHHeTHHeCKafl 3 HeprHH 3 JieKTpOHOB npH (|) 0 T 03 (J)- 
<})eKTe, ecjiH, He H 3 MeHfl 5 i nacTOTy, yBejiHHHTb cbctoboh iiotok b 2 pa 3 a? 
(He u3MenumcH .) 

3 . KaK H 3 MeHHTca c()ototok HacbiiueHHH npH yBejiHHeHHH nacTOTbi 
o 6 jTynaK)mero CBeTa h Hen 3 MeHHOM cbctobom noTOKe? (He umenumcH .) 

4. HacTOTa o 6 jiyHaiomero CBeTa yBeaHHHJiacb b 2 pa 3 a. KaK h 3 mchh- 
nocb 3 anHpaiomee HanpaaceHne <{) 0 T 03 jieMeHTa? (Yeenmunocb 6ojibiue 
neM e 2 pa3a.) 

5. 3anHiiiHTe ypaBHeHHe 3HHWTeHHa. 

6. MOXCHO J1H 3aKOHbI (J)0T034)(t)eKTa o6T»aCHHTb Ha OCHOBe BOJ1HOBOH 
TeopHH CBeTa? ( Henb3R .) 

7. He3apfl)KeHHyK) MeTaruiHHec Ky k> njiacTHHy ocBeiuanyr pemTeHOB- 
ckhmh hjih yjibTpa4)HOjieTOBbiMH jiynaMH. KaKOB pe3yjibTaT onbiTa? 
(njiacmiiHd 3 apHJicaemcR nonoDicumejibno .) 

8. KaK H3MCHHTCH BpeMB pa3p*mKH UHHKOBOH nJiaCTHHbl 3apB)KeHHOH 
OTpHuaTejibHo, ecjiH nocTaBHTb cBeTo^HjibTp, aajiep^KHBaiomHH HH<()pa- 
KpacHyio nacTb cneicrpa? (He u3MenumcR .) 

Bapuaum II 

1 . KaKOH 3 apa,A oKaxceTca Ha flByx uhhkobbix ruiacTHHax, o^Ha H 3 ko- 
TOpbix 3ap«BceHa nojioxcHTejibHO, a apyraa OTpHuaTejibHO, ecjiH hx o6jiy- 
HHTb yjibrpa(})HojieTOBbiM cbctom? (06e ruidcmunbi 6ydym uMemb nojio- 
DtcumeiibHhiu 3dpnd .) 

2. KaKHe <j)aKTopbi onpe^ejiaiOT KpacHym rpaHHuy ^0T03(^(J)eKTa? 

(Betyecmeo Kdmodd .) 

3 . KaK H3MCHHTCH CKOpOCTb BblJieTaiOIUHX H3 BemeCTBa SJieKTpOHOB, 
ecjiH nacTOTa oGjiynaiomero cseTa yBeJWHHTCJi? (YeejimumcR.) 

4. ,fljiHHa BOjiHbi oSjiynaioiuero CBeTa yMeHbuiHJiacb b 2 pa3a. KaK 
H3MeHHJiacb pa6oTa Bbixo/ja ojieicrpOHOB? (He u3MenumcR .) 

5. KaK MOHCHO o6l»JICHHTb BBJlCHHe <j)0T03(})<J)eKTa? (ToJlbKO K6dHmO- 
eou meopueu ceemd.) 

6. n P H ocBemeHHH njiacTHHbi 3eJieHbiM cbctom (j)0T03<j)(i)eKTa HeT. 
EyaeT jih oh Ha6jnouaTbC5i npH o6^yneHHH toh >xe njiacTHHbi KpacHbiM 
cbctom? (Hem.) 

7. Kax 3aBHCHT 3annpaK)iuee HanpJDKeHHe (J)OTOTOKa ot ^jihhw bojihm 
o6jiyHaioinero CBeTa? (06pdmno nponopifuoHdJibHO djiune eojiHbi.) 

8 . KaK H3MCHHTCB CO BpeMCHeM pa3pfl£ OTpHUaTeJlbHO 3apjI^ceHHOH 
UHhkoboh njiacTHHbi, ecuH ee o6jiy4HTb yjibTpacJ)HOjieTOBbiMH jiynaMH? 
(YMeubuiumcR.) 
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Bapnairr ypoica 106 . Peweiwe 3a^an 
no TeMe: «BoJiHOBbie h KBaHTOBbie CBOHCTBa cBcxa» 

Ifejib : pa3BHTHe naBtiKOB caMocTOHTeuBHOH pa6oTbi; OTpa6oTKa Me- 
toaob pemeHHB 3a^an. 

v Xoa ypoKa 

I. OpraHH3aUHOHHbIH MOM6HT 

II. Pemeime 3a^a*i 
3adanu na «3» 6ajuia 

1 . KpacHaa rparoma <|)0T034>4>eKTa AJia cepe6pa paBHa 0,33 mkm. He- 
My paBHa b sjieicrpoHBOjibTax pa6oTa BbixoAa 3JieKTpOHa H3 cepe6pa? 
( Omeem : 3, 75 oB.) 

2. HeMy paBHa 3HeprHH, Macca h HMnyjibc <j)OTOHa am peHTreHOB- 
ckhx Jiynew (v = 10 18 Tu)? {Omeem: 6,62- 10~ 16 JJac; 7,3* 10~ 33 xr; 
2,2*1 0 -24 kpm/c.) 

3. Pa6oTa BbixoAa 3jieicipoHa c noBepXHocTH ue3Ha paBHa 1,9 3B. 

Bo3HHKHeT JIH (J)0T03(j)(j)eKT nOA ACHCTBHCM H3JiyHCHHJI, HMeiOIAerO AJIH- 
Hy BOJiHbi 0,45 mkm? {Omeem: bo3hhkhct.) 

4. BbiHHCjiHTb 3Heprnio, Maccy h HMnyjibc <}>0T0Ha, AJiHHa BojiHbi ko- 
Toporo 400 hm. {Omeem: 4,97* 10“ 19 JJ>k; 5,5* 10~ 36 Kr; 1,65*10“ 27 kpm/c.) 

3adanu na «4» 6ajuia 

1 . Kaxyio MaKCHMantHyio cxopocTb MOiyr nojryHHTt BbuieTeBiiiHe H3 
xanwa 3AeKTpoHbi npH o6jiyneHHH ero (jmoneTOBbiM cbctom c ajihhoh 
BOJ iHbi 0,42 mkm? Pa6oTa BbixoAa 3jieKTpOHOB am Kajina paBHa 2 sB. 
{Omeem: 580 km/c.) 

2 . Kaxofi ajihhm BojiHbi cneAyeT HanpaBHTb Jiynn Ha noBepxHocTb 
hhhkb, hto6h MaKCHMajibHaa cxopocTb ^OTOSJieKTpoHOB 6biJia paBHa 
2000 th/c? KpacHaa rpaHHija (J)0T03(J)4)eKTa am ijHHKa paBHa 0,35 mkm. 
{Omeem: 83 hm.) 

3adanu na «5» dajuioe 

1. IlyHOK Aa3epHoro H3JiyHeHna c aahhoh bojihu 0,33 mkm HcnoJib3y ex- 
es am HaipcBaHna 1 k r boabi c yAejibHOH TeruioeMKocrbio 4200 J^k/kt-K. 
3a xaKoe BpeMa BOAa HarpeeTca Ha 10 °C, ecjin Jia3ep OKecexyHAHO hc- 
nycKaer 10 20 (Jjotohob h Bee ohh nomomaiOTca boaoh? {Omeem: 700 c.) 

2. He3ap5DKeHHbiii MeTajuiHHecKHH map eMKocxbio 2 mkO o6jiyHaiOT 
MOHOXpOMHbIM CBCTOM C AJIHHOH BOJIHbl 0,2 MKM. IloCJie npeKpameHM 
o6jiyHeHHa map 3a3eMJnnoT. OnpeAenHTb kojihhcctbo rennoTbi, BbiAe- 
jiHBiueeca npH 3a3eMJieHHH. Pa6oTa BbixoAa ojiaapoHOB H3 MeTajuia 
paBHa 1,8 aB. {Omeem: 19,36 Micflac.) 
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3. Hcxohhhk MOHOXpoMaTHHecKoro cBeTa MomHocxbio 64 Bt HcnycKa- 
ex e^KeceKynuHO 1 O 20 <})oxohob, Bbi3btBaiomHX <j)oxo3(j)4)eKx Ha njiacxHHbi c 
pa6oxoH Bbixo^a ajieKTpoHOB, paBHon 1 ,6 aB. J\o KaKoro noxeHUHana 3a- 
pB^Hxca njiacxHHa npH ^jiHxeiibHOM ocBemeHHH? ( Omeem : 2,4 B.) 

4. PeHTreHOBCKas xpy6i<a, pa6oxaiomaa noA Hanpa>KeHHeM 50 kB h 
noxpe6jiaioma5i xok 2 mA. H3jiynaex 5-10 13 <})oxohob b cexyHAy. CnuTaa 
cpeAHioio ajimh y bojihbi H3JiyHeHHB paBHOH 0,1 hm, onpeAejiHXb, cjcojibko 
npoaeHTOB MomHoexb H3JiyneHHB cocxaBiwex ox moluhocxh noxpe6jiae'- 
moxo xoKa. (Omeem'. 0,1 %.) 

3adami noetiiueHHou mpydHocmu 

1 . Ooxoh c ajihhoh BOJiHbi 300 hm BbipbiBaex c noBepxHOCTH Mexajuia 
OJieKTpOH, KOXOpblH OHHCblBaeX B OAHOpOAHOM MarHHXHOM none C HH- 
AyKAHefi 1 mT oKpy^KHoexb paAHycoM 3 mm. HaftxH b ojieKpOHBOJibxax 
paOoxy BbixoAa aAeicxpoHa H3 MexaAAa. (Omeem: 3, 33 3B.) 

2. 3jieKxpHHecKa5i AaMna MomHocxbio 300 Bx H 3 Jiynaex 1,2 % no- 
Tpe6jiaeMOH 3HeprHH b BHAe CBexa paBHOMepHO no BceM HanpaBJieHHBM. 
Ckoabko <J)oxohob BHAHMoro CBexa nonaAaex 3a 1 c b 3panoK qenoBeKa, 
HaxoA»merocB Ha paccxosiHHH 1 m ox naMnbi? /JwaMexp 3panxa 4 mm, 
cpeAHJia ABHHa boahbi 550 hm. (Omeem: 10 13 .) 

/{oMawHee 3aAaHHe 

P - 1126, P- 1 127. 

ypOK 107. <I>OT03AeMeHTbl H hx iipHMeHeHne 

IJejib: 03 HaK 0 MHXb ynamHxca c npaKXHnecKHM npHMeHeHHeM (J)oto- 

34)(j)eKxa. 

Xoa ypoKa 

I. OpratnnamioHHbiH momcht 

II. Haynemie HOBoro MaTepuajia 

OKcnepuMeHttt 

Co6npaeTca cxeMa (pnc. 96): 



Puc. 96 
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OoTopejie BKJiioHHTb Tax, hto 6 u oho cpa6aTbiBaJio npH 3aTeMHeHHH 
4>OToconpoTHBJieHHH. B KanecTBe Harpy3 KH bkjhomhtb ajieKTpojiaMny. 
Ecjih 3 toh see jiaMnofi ocBeTHTb (JjoxoconpOTHBJieHHe, to naMiia 6y.neT 
nepHOjjHHecKH 3aseHraTbC5i h racHyrb. 06BHCHHTb sBJieHHe. 

(Omeem: Korna jiaMna L ocBemr <|)OToconpOTHBJieHHe, nepe3 Hero 
noHHCT tok, pejie r pa30pBCT uenb jiaMnu L h OHa noracHeT. <J>0Toconpo- 
THBJieHHe 3aTeMHHTc«, tok, TeKymnn nepe3 Hero, npepBerca h sieopb - 
pejie, B03BpamaBCb b ncxoAHoe nonoseemie, 3aMKHer uenb h t. a- IIoao 6- 
Hoe ycTponcTBo moscho 6buio 6bi, naiipHMep, Hcnojib30Barb juw ynpasjie- 
hub MHnuomnMH c(j>eTocc})epaMH. npH6opbi, b ocHOBe npwHUHna nencT- 
BHS KOTOpbIX JIOKHT KBJieHHe <J)OT03<l)(J)eKTa, HaiblBaKH <J)0T03 JieMeHTaMH . ) 

Bneiunuu (pomo3(p(peKm 

HcnycKaHHe 3jieKTpoHOB c noBepxHOCTH MerajuioB noA ueHCTBneM 
cBeTa. 



A - aHOA- K - KaTOA CBeroqyBCTBHTejibHbin, O - okohiko wx Aocry- 
na CBeTa. 

/(OCTOHHCTBO 4 )0T03JieMeHTa: 6e3HHepUH0HaJIbH0CTb, <j)OTOTOK I 
nponopuwoHajieH caeTOBOMy noToxy <Z> 

HeAOCTaTOK <{>0T03jieMeHTa: cna6biH tok, Manas nyBCTBirrejibHOCTb k 
AJIHHHOBOJIHOBOM y H3JiyHeHHIO, CJlOSCHOCTb B H3rOTOBJieHHH, He HCnOJlb- 
3yeTcs b uensx nepeMeHHoro TOKa. 

npuMenenue e mexHuice : 

1 . Khho: BOcnpoH3BeAeHne 3Byxa. 

2. OoTOTenerpa^), (J)OTOTejie<i>OH. 

3. OOTOMeTpHS: JIJIX H3MepeHHfl CHJIbl CBera, JipKOCTH, OCBemeHHOCTH. 

BuympeHHuu (pomo3(p(peKm 

H3MeHeHH» KOHueHTpauHH HocHTeJien TOKa b aemecTBe h xaK cneA- 
CTBne H3MeHeHHe 3JieicTponpoBOAHOCTH. 

0omope3ucmop ~ yCTpOHCTBO, COnpOTHBJieHHe KOTOporO 3aBHCHT OT 
ocBemeHHocTH. Hcnojib 3 yeTC» npH aBTOMaTHnecxoM ynpaBJieHHH 3JieK- 
TpHHecKHMH uensMH c noMoiubio cBeTOBbix CHmanoB h b uenax nepe- 
MeHHoro TOKa. 
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BenmujibHbiu (pomo3<p(peKm 

Bo3HHKHOBeHHe 3J\C noji ^eHCTBHeM CBeTa b cncTeMe, coaepttcamen 
KOHTaKT % Byx pa3JiHHHBix nojiynpOBo^HHKOB. Hcnojib3yeTCH b cojiHen- 
Hbix 6aTapeax, KOTopwe hmciot KHJX 12-16 % h npHMeHjnoTca b Hcxyc- 
CTBeHHbix cnyTHHKax 3eMJiH npH nojiyneHHH aHeprnn b nycTbme. IIpHH- 
ijhii jieHCTBHa cojiHeHHoii 6aTapew: npn noniomeHHH KBaHTa oHepran h v 
nojiynpoBOflHHKOM ocBo6o)K£aeTCJi ^onojTHHTejibnaK napa hochtcjich 
( ajieiopoH h ^bipxa), KOTopue ^BH)KyTC5i b pa3Hbix HanpaBjieHHiix: £bip- 
kh b CTOpoHy npoBojiHHKOB p- THna, a ajieiopoH b CTopoHy noJiynpoBOa- 
hhkob n-rana. B pe3y^bTaTe o6pa3yeTca b nojiynpoBoflHHKe n - THna H3- 
6 bitok cbo6o£hlix ^jieKTpoHOB, a b nojiynpoBo^HHKe p- Tuna - h36bitok 
flbipoK. Bo3HHKaeT pa3H0CTb noreHUHajioB. 

III. Bonpocw ^Jia 3 aKpenjieHHH 

- Hto Ha3biBaeTCA (J)0T03ueMeHT0M? 

— B neM cyTb ^BJieHHji BHeuiHero 4)0T03<j)(})eicTa? 

- Hto Ha3bIBaeTCfl BHyTpeHHHM (J)0T03(J)(J)eKT0M? 

- Bto TaKoe (})OTope3HCTOp? KaxoB ero npHHnnn flencTBHa? Kax 
h me Hcnojib3yeTCji (J)OTOpe3HCTOp? 

/Jo Maumee aa/jamie 

§91 


Ypoic 108 . KoHTpojibHan paOoTa 
no TeMe «BojiHOBbie u KBaHTOBbie cBoncTBa cBeTa» 

Ifejib: BbWBHTb 3 HaHHH ynamuxca no TeMe «BojmoBbie h KBaHTOBbie 
CBOHCTBa CBeTa». 


Xo^ ypoKa 


Bapuanm 1 

1 . KaxoBa KpacHaa rpamma (^0T03(j)(j)eKTa ajih ajnoMHHHfl, ecjin pa- 
6oTa Bbixo^a 3JieKTpoHa paBHa 6*10~ 19 ,0 >k? ( Omeem : 3,3- 1(T 7 m.) 
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2. OnpenejiHTb 3Hepnno, Maccy h HMiiyjibc 4>OTOHa, njiHHa bojjhbi 

KOTOporo 500 hm. ( Omeem : 4*10' 19 4,4*10~ 36 Kr.) 

3. Pa6oTa Bbixona aneKTpoHa H3 ije3H a paBHa 3*10~ 19 Hafi^HTe 
HiiHHy bojihbi naflaiomero CBeTa Ha noBepxHocTb ue3Ha, ecjiH cxopocTb 
$OT03JieKTpoH0B paBHa 0,6- 10 6 m/c. (Omeem: 428 hm.) 

4. Ha noBepxHocTt nnomanbio 1,5 cm 2 nanaeT HopManbHO mohoxpo- 
MaTHHecKHH CBeT c ajihhoh bojihbi 663 hm. Cbct nojiHocTBK) nornoma- 
eTca noBepXHOCTBK). Onpe^eJiHTe, xaKOH HMnyjibc nepejjaH noBepXHO- 
erH, ecjiH 3a BpeMs 1 c Ha Hee nonano 2-10 18 (Jjotohob. KaKoe naBjieHHe 
OKa3UBaeT cbgt Ha noBepxHocTb? (Omeem: 2*10 ~ 9 H e; 13*1 O^ 6 na.) 

5. Ha ckojibko rpanycos narpeeTca 3a 1 c xanjia bo^m Maccofi 0,2 r, 
ecjiH OHa oKeceKynaHO noraomaeT 10 10 (J)otohob c ^jihhoh bojihbi 750 hm? 
noTep»MH 3Heprnn npeHe6peHB. (Omeem: 3,1*1 0 -9 K.) 

3adana noebixaennou cJiooiCHocmu 

npOTOH ABjHKeTca co CKopocTtK) 7,7* 10 6 m/c. Ha KaKoe HaHMeHbiuee 
paccToaHwe MoaceT npH6jiH3HTt»ca 3 tot npoTOH k a/jpy aTOMa aniOMH- 
HHa? BnnaHHeM 3jieKTpOHHOH o6ojiohkh aTOMa anioMHHHa npeHe6pem». 
Macca npoTOHa 1,67* 1 0 -27 Kr. (Omeem: 610" 14 m.) 

Bapuanm II 

1. KaKOH nacTOTti cbct cJiejjyeT HanpaBHTB Ha noBepxHocTb jihthji, 
HTo6faI MaKCHMaJTBHaa CKOpOCTB (J)0T03JieKTp0H0B 6bUia paBHa 2,5* 10 6 m/c? 
Pa6oTa Bbixo^a 3JieKTpOHOB H3 jihthb 2,39 aB. (Omeem: 4,87* 10 15 Fu.) 

2. HaiiTH 3HeprHK>, Maccy h HMnyjibc 4>OTOHa ^jra HH^paxpacHbix 
jiyneH (v = 10 12 Tv). (Omeem: 6,6*10' 22 flw; 7,3*10~ 39 Kr.) 

3. OoT03tj>4)eKT y naHHoro MeTajuia HaHHHaeTca npn nacTOTe CBeTa 
6* 10 14 Fa. PaccHHTaHTe nacTOTy H3JiyqeHHa, nanaiomero Ha noBepxHocTb 
MeTajuia, ecjiH BbuieTaiouwe c noBepxHOCTH ajieicrpoHbi nonHOCTbio 3a- 
Aep^KHBaioTca pa3HOCTbio noTeHUHanoB 3 B. (Omeem: 1 ,32- 1 0 15 Tu.) 

4. CKOJlbKO <j)OTOHOB BH^HMOTO CBeTa C AJIHHOH BOJIHbl 560 HM H3Jiy- 
naeT jiaMna MomHocTbio 40 Bt b 1 c, ecnw ee TennoBaa oxnana cocTaBjia- 
eT 5 %? (Omeem: 56* 10 17 .) 

5 . MeAHbiii rnapHK, yjjaneHHbiH ot Apyrnx Ten, oOuynaeTca moho- 
XpOMaTHHeCKHM H3JiyHeHHCM, nnHHa BOJIHbl KOTOporo 2 * 1 0 -7 m. flo KaKO- 
ro MaKCHManbHoro noTeHuwaJia 3 apajjHTca mapHK, ecnw pa6oTa Bbixona 
ajieKTpOHOB c noBepxHOCTH Menw paBHa 4,5 aB? (Omeem: 1,7 B.) 

3adcma noebiuieunou mpydHocmu 

OjjHa H3 njiacTHH He3apfliKeHHoro nnocKoro KOH^eHcaTopa ocsema- 
eTca peHTreHOBCKHMH jiynaMH, BbipbmaioiHHMH H3 Hee aneKTpOHbi co 
CKOpocTbK) 1 0 6 m/c. 3jieKTpoHbi coOnpaioTCJi Ha BTOpow nnacTHHe. Hepe3 
Kaxoe BpeMB (J)OTonoTOK MeHcny nnacTHHaMH npeKpaTHTca, ecjiH c KaiK- 
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floro KeajjpaTHoro caHTHMeTpa nuomann BbipbisaioTCfl eacecexyHAHo 
10 13 ajieKTpOHOB? PaccTO^HHe Me^y miacTHHaMH - 10 mm. (Omeem: 
1,57- 1 0' 7 c.) 

^OMauiHee 3a,iaime 

n. 88; 91. 


ypoK 109. ^aBjieHHe cbcts 

Lfejib: paccMOTpen» aaBjieHHe CBera KaK OKcnepHMeHTaJibHoe /loxa^a- 
TeJIBCTBO, HTO 4 >OTOHbI o 6 jia^aK>T HMnyjZBCOM. 

Xojx ypoiea 

I. OpraHH3ai|HOHHbiH momcht 

II. IIoBTopeHHe 

— B MeM COCTOHT pa 3 JlHHHe MeJKJty BHeiUHHM H BHyTpeHHHM (J) 0 T 03 (J)- 
(J)eKTOM? 

- Ot Hero 3BBHCHT HyBCTBHTeJiLHocTt ^0T03jieMeHTa k na^aiomeMy 
Ha Hero CBeTy? 

— Kaicwe (J)0T03JieMeHTi>i Hcnonb3yioTCfl b uenH nepeMeHHoro TOKa? 

- JIpH xaKOH ^JiHHe BOJiHbi HanyneHHJi Macca 4>OTOHa paBHa Macce 
nOKOH 3JieKTpOHa? 

III. H3yneHHe Hoeoro MaTepnajia 

B 1873 r. JJjk. MaKCBejui, hcxoaji H 3 npeflCTaBJieHHH 06 3 JieirrpoMar- 
hhthoh npHpo^e CBeTa, npHiueji k BbiBO/jy - cbct aojiaceH OKa 3 biBaTb 
^aBJieHHe Ha npemrrcTBHe. 

rioa AeiicTBHeM 3JieicrpHHecKoro nojia bojihm 3jieKrpoHa b Tejiax co- 
sepiuaioT KOJieOaHHfl. 06pa3yerca 3JieKTpHHecKHH tok. Tok HanpaBJieH 
B^ojib HanpjwceHHOCTH 3jieicrpHHecKoro nona. Ha ^BHacymnecji ajieicrpo- 
hu ^eHCTByer cmia Jlopenua co CTopoHbi MarHHTHoro non*. Cmia JIo- 
pewua b CTOpoHy pacnpocrpaHeHHH bojihw 3 to h ecTb CHJia CBeTOBoro 
JiaBJieHHfl. fljlB ^OKa3aTeJIbCTBa Heo6xO^HMO H3MepHTb 3TO MBJieHHe. 

Mnome yneHbie nbrrajnicb aro c^enaTb, ho 6e3ycneuiH0, rax KaK oho 
oneHb Majio. BnepBbie 3 to yaajiocb b 1900 r. pyccxoMy yneHOMy n. H. Jle- 
6e^eBy (1866-1912). npH6op coctobji H 3 oneHb uencoro CTepacHJi Ha 
TOHKOH CTeKJWHHOH HHTH, nO KpaaM npHKJieeHbl JierKHe KpbIJIbHHKH. 
Becb npH6op noMemeH b cocya, H3 Koroporo 6 mji BbncanaH B03,uyx. Cbct 
na^aji Ha KpbuibiuiKH. O 3HaneHHH aaBJieHHa mo^kho cyflHTb no yrjiy 
3aKpyHHBaHHH HHTH. 

TpyAHOCTH: 

1 . HeB03MoacHocTb BbixanaTb H3 cocy^a Becb B03^yx. 
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j 2. Ha 3 aKpyHHBaHne BjniaeT HeoAHHaxoBbiH HarpeB Fcpbuibimex. 

* 3. OrpaaceHne MOJiexyA ot 6ojiee HarpeTOH cTopoHbi, nepeAaioT xpbi- 

jibimxy SojibiuHH HMnyjibc, neM MOneKyjibi, OTpa>xaK>mHeca ot MeHee 

I HarpeTOH CTopoHbi. 

JleSeAeB cyMeji npeoAOJieTb Bee TpyAHOcra. Ilojiyqeiotoe 3 HaneHHe 
l coBnano c npeAcxa 3 aHHbiM MaxcBemioM. Bnocjie,acTBHH, nocjie Tpex JieT 
^pa 6 oTbi JIe 6 e^eBy yAajiocb ocymecTBHTb eme 6 ojiee tohkhh axcnepHMeHT: 
i H 3 MepHTb AaBJieHMe cBera Ha ra 3 bi. lloaBjieHHe KBaHTOBOH TeopHH cBeTa 
| T 103 BOAHJIO 6 oAee npOCTO o 6 -bBCHHTb npHHHHy CBCTOBOTO AaBJieHHfl. 

ria^afl Ha Tejio> <J)OTOHbi nomomaioTCJi hah oxpaxcaioTCA. (Potohbi 
I oS^a^aioT Maccofi h HMnyjibcoM. npH norAomeHHH CBeTa HMnyjibCbi 
\ (|)otohob nepeAaK>TCA Teny. llooTOMy oho HcnbiTbraaeT AaBJieHHe co cto- 
\ poHw CBeTa. npH OTpa>KeHHH CBeTa HanpaBJieHne ckopocth w n\myjibca 
\ Kaamoro (jxmwa MeHaeTCH Ha npoTHBorioAOHCHoe. Ilpw atom Tejio npH- 
o6peTaeT HMnyAbc, paBHbiH H3MeHeHHK> cyMMapHoro HMnyjibca (J)oto- 
r HOB. npOHCXOAHT HBJieHHe 0TAB4H. TeAO HCnbITbIBaeT CBeTOBOe AaBJie- 
HHe. XlaBAeHHeM CBeTa Ha ra3bi oSBacHaeTCJi o6pa30BaHHe «xboctob». 
JIe6eAeB nwcaji: 

«1. IlaAaiomHH nynoK CBeTa npon3BOAHT AaBJieHHe Kate Ha norAO- 
maromne, Tax h na OTpa>xaioiHHe noBepxHOCTH: 3 th KOHAepoMOTOpHbie 
CHAbl He CBH3aHbl C y>Ke H3BeCTHbIMH BTOpHHHbIMH KOHBeKUHOHHbIMH H 
paAHoweTpHHecKHMH CHAaMH, Bbi3biBaeMbiMH HarpeBaHHeM. 

2. Cham AaBAeHHA CBeTa ripaMO nponopunoHaAbHbi 3HeprHH naAaio- 
mero CBeTa h He 3aBHCAT ox UBexa. 

3. Ha6AK)AaeMbie CHJibi AaBjieHHB CBexa b npeAeaax norpeuiHOCTeH 
. Ha6AK>AeHHH, KOAHHeCXBeHHO paBHbl MaKCBeAA-6apXOAHeBbIM CHAaM 
AaBJieHMfl AyHHCXOH 3HeprHH». 

OribiTbi n. H. JIe6eAeBa - 3KcnepHMeHTaAbHoe AOKa3axeAbCTBO (})aK- 
Ta: (J)oxoh o6AaAaeT HMnyAbCOM. 

IV. 3aKpenjieHue H3yneHHoro MaTepuajia 

- Kaic Ha ocHOBe 3 AexTp 0 MarHHTH 0 H xeopHH oGbachaiot AaBAeHHe 
CBeTa? 

- Paccxa>KHTe 06 onbiTe n. H. JIe 6 eAeBa no H 3 MepeHHK> cbctoboto 
AaBAeHHH. 

- ^eMy paBHa CHAa AaBAeHHA, npHxoAAHjaflCA Ha 1 m 2 ? 

- Kax oSBHCHHTb CBeTOBOe AaBAeHHe Ha ocHOBe KBaHTOBbix npeA- 
CTaBAeHHH o CBeTe? 

V. IIoABeAeHHe HToroB ypOKa 
^OMauiHee nuaiiHe 

n. 92. 
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^onojiHHTejibHbiH MaTepHaji 

Ilemp HuKOJiaeeun JIe6edee 

IleTp HHKOJiaeBHH JlefieAeB poahaca 8 MapTa 1866 roAa b Mockbc, b xyne- 
necKOH ceMbe. rpaMOTe FleTJi oOynaACA AOMa. Hro otabah b KOMMepnecKoe ot- 
AejieHHe EBaHrenHnecKoro uepKOBHoro yHHAHma IleTpa h llaBjia. C ceHT«6pfl 
1884 no MapT 1887 rxxaa JleOeAeB nocemaA Mockobckoc Bbicinee TexHHnecKoe 
yHMJiHme, o^HaKO AeaTenbHOCTb HHxceHepa ero He npHBJieKaJia. Oh oTnpaBHAca b 
1887 roAy b CTpac6ypr, b OAHy H3 nyniiJHX (})H3HHecKHX iukoji EBponw, uiKOJiy 
ABrycTa KyHATa. B 1891 rojjy, ycneuiHO 3amHTHB AHccepTauwio, JIe6eAeB cTan 

AOKTOpOM 4 jHJ10CO(()HH. 

B 1891 roay JIe6e^eB B03BpaTHJic« b MocKBy h no npHrjiameHHto A. T. Cto- 
jieTOBa Hanaji pa6oTaTb b Mockobckom yHHBepcuTeTe b aoaxchocth Jia6opaHTa. 
HccjieAOBaHHe CBeTOBoro AaBJieHHji cTano ^ejioM Bcefi xuhhh IleTpa HnKonae- 
BHna. OcHOBHbie (J)H3HHecKne hack 3Toro nnaHa 6 mah HanenaTaHbi MOJio^biM 
yneHbiM b Mockbc, b HefioAbuiofi 3aMeTKe «06 OTTanKHBarejibHOH cHJie jiynewc- 
nycxaiomHx TeA». H3 TeopHH MaKCBeAAa cAeAOBaao, hto cBeTOBoe AaBneHHe Ha 
Teao paBHO njioTHOCTH aHeprHH 3JieKTpoMarHHTHoro nojui. Jle6eAeB co3Aaer 
cbok) 3HaMeHHTyio ycTaHOBKy - cHCTeviy Aencnx h tohkhx ahckob Ha 3aKpyHH- 
BaiomeMCB noABece. RnaTHHOBbie KpbuibiuiKH noABeca 6 mah B3«Tbi toalahhoh 
B cero 0,1-0,01 mm, hto npHBOAHJio k 6bicTpOMy BbipaBHHBaHHto TeMnepaTypbi. 
Bca ycTaHOBxa 6buia noMemeHa b HaHBbiciUHH aocthxchmbih b to BpeMA BaxyyM. 
B cTeKAHHHOM 6ajuiOHe, rae HaxoAHjiacb ycraHOBKa, JIe6eAeB noMemaa xanjiio 
pTyTH h caerKa noAOrpeBaji ee. PTyTHbie napbi BbrrecHAAH B03Ayx, OTKaHHBae- 
Mbifi HacocoM. A nocne 3Toro TeMnepaTypa b 6ajuiOHe noHHHcajiacb, h AaBJieHHe 
ocTaBLDHXCfl pTyTHbix napoB pesxo yMeHbniaJiocb. 

FIpeABapHTejTbHoe coo6meHHe o AaBJieHHH cBeTa 6buio CAeJiaHO JJe6eAeBbiM 
b 1899 roAy, 3aTeM o cbohx onbiTax oh paccKa3an b 1900 roAy b IlapHxce Ha 
BceMHpHOM KOHrpecce 4 >h3hkob. B 1901 roAy b hcmcukom xcypHane «AHHanbi 
4 >h3hkh» 6bin a HanewaTaHa ero pa6oTa «OnbiTHoe HCCJieAOBaHHe CBeTOBoro Aas- 
aeHHH». Ha 4>aicra cymecTBOBaHHH AaBJieHHa ajieicrpoMarHHTHbix boah CAeAOBaa 
BbIBOA o TOM, HTO OHH 06 jiaAai 0 T MexaHHHeCKHM HMnyAbCOM, a 3HaHHT, H Mac- 
coh. HraK, aaexTpoMarHHTHoe nojie o6naAaeT HMnynbCOM h Maccofi, to ecTb oho 
M aTepHanbHO, 3HaHHT, MaTepHJi cymecTByeT He TOAbKO b <J>opMe BemecTBa, ho h 
b (})opMe nOAA. 

B 1900 roAy npn 3amHTe MarHcrepCKOH AuccepTauHH JTe6eAeBy 6biAa npH- 
cy)KAeHa CTeneHb AOKTopa Hayx, MHHys cTeneHb MarwcTpa. B 1901 roAy oh cTa- 
hobhtcjt npo(|)eccopOM Mockobckopo yHHBepcHTeTa. B 1902 roAy J7e6eAeB bm- 
CTynHA Ha cte3Ae HeMeuKoro acTpoHOM HHecKoro o6mecTBa c aoka aAOM, b koto- 
pOM BHOBb BepHynca k Bonpocy o kocmhhcckoh ponn cbctobopo abbachha. Ha 
ero riyTH OKa3aAHCb TpyAHOCTH He TOAbKO 3KcnepnMeHTaAbHOio, ho h TeopeTH- 
necKOro xapaKTepa. TpyAHOCTH 3KcnepHMeHTaAbHoro nAaHa coctoaah b tom, 
hto CBeTOBoe AaBAeHHe Ha ra3bi bo mhoto pa3 MeHbine, neM AaBAenne Ha TBep- 
Abie TeAa. K 1900 roAy Bee noAroTOBHTeAbHbie pa6oTbi aaa peineHHH cnoxcHen- 
uiefi 3aAanH 6mah BbinoAHeHbi. TonbKO b 1909 roay oh AeAaeT nepBoe coo6me- 
HHe o noAyneHHbix pe3yAbTaTax. Ohh 6wah ony6AHKOBaHbi b «AHHajiax <j)H3H- 
kh» b 1910 roAy. 
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KpOMe pa6oT, cB« 3 aHHbix co cBeTOBbiM ^aBjieHneM, IleTp HHKOJiaeBHH MHoro 
eCfleuiaji zui 5 T H 3 yMeHn« cbohctb ajieicrpoMarHHTHbix bojih. OaTba JleSe^eBa «0 
ABohhom npejiOMJieHHH jiyneH 3 jieKTpHHecKOH chjih» nosBHjracb oAHOBpeMeHHo 
Ha pyccKOM h HeMeuKOM B 3 biKax. y coBepmeHCTBOBaB mctoa Tepua, JleOeAeB 
nojiyHHJi caMbie KopoTKHe b to BpeMH 3 jieKTpoMarHHTHbie bojihu aahhoh b 6 mm, 
b onbiTax Tepua ohh SbiJiH 0,5 m, h AOKa 3 an hx abohhoc AynenpeJioMJieHHe b 
aHH 3 orponHbix cpe^ax. OieAyeT 3 aweTHTb, hto npH 6 opbi yneHoro 6huin Ha- 
CTOJIbKO MaJTbl, HTO HX MOHCHO 6 bIJ 10 HOCHTb B KapMaHe. 

B nocjie^HHe ro^bi >kh3hh ero BHHMaHne npHBJieicna npo6.neMa yjibTpa3Byxa. B 
1911 roAy Jle6e^eB BMecTe c ApyrHMH npo(})eccopaMH noKHHyji Mockobckhh yHH- 
BepCHTeT B 3H3K npOTCCTa npOTHB AeHCTBHH peaKUHOHHOrO MHHHCTpa npOCBeme- 
hha Kacco. B 3tom we roAy JleOe^eB ABawabi nojiynaji npHnnameHHH H3 HHCTHiy- 
Ta Ho6ena b CroKroabMe, r^e eMy npeAJiarajiH AOJiWHOCTb AHpeicropa jia6opaTO- 
pHH h MaTepnanbHbie cpe^CTBa. Ebi/i nocTaBJieH Bonpoc o npHcywAeHHH eMy Ho- 
SeaeBCKOH npeMHH. OAHaico fleTp HwKOJiaeBHH ocTa/rcx Ha poAHHe, co cbohmh 
yneHHKaMH. OrcyTCTBHe hcoOxoahmux ycjrOBHH ajut paOoTbi, nepewHBaHHH, cbjj- 
3aHHbie c yxoAOM b OTCTaBKy, OKOHnaTejibHO noAopBanw 3AopoBbe JleOeAeBa. Oh 
yMep 1 MapTa 1912 roAa b B03pacTe Bcero jiHuib copona rnecTH Jier. 

UnmepecHbiu (patent 

HHTepecHbiii CJiynaii npoH3omeji c aMepHKaHCKHM cnyTHHKOM «3xo». Ilocae 
BbixoAa cnyTHHKa Ha op6nTy cwaTbiM ra30M 6buia HanojiHeHa 6ojibmafl nojiH- 
3THaeH0Baa oOojiOHKa. 06pa30Bancji jiencHH map AHaMeTpoM okojio 30 m. He- 

OXCHAaHHO BblflCHHaOCb, HTO 3a OAHH o 6 opOT 3 TOT Uiap AaBJieHHeM COJIHeHHbIX 

jiynefi CMemaeTcn c opOwTbi Ha 5 m. B pe 3 yjibTaTe bmccto 20 jieT, xax 6buio 
cnjraHHpoBaHO, cnyTHHK yAepwajtca na op 6 HTe MeHbtue roAa. BHyTpH 3 Be 3 A npH 
TeMnepaType b HecKOJibKO accatkob mhajihohob KeAbBHHOB AaBJieHHe aaeicrpo- 
MarHHTHoro H 3 JiyHeHHH aojiwho AOCTHraTb rpoMaAHoro 3 HaneHHH. Chjim cbcto- 
Boro AaBAeHHJi HapaAy c rpaBHTauHOHHbiMH CHJiaMH HrpaioT cymecTBeHHyio 
pOAb bo BHyTpw 3 Be 3 AHbix npoijeccax. 


ypOK 110. XwMHHecKoe ^eifCTEMe ceeTa 

IJejib: no3HaKOMHTb ynamHXca c (J)OTocHHTe30 M h (J)OTorpa4)HeH. 

Xojx ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II. IIpoeepKa AOiwauiHero 3aAaHHH 

“ Kax oSbACHAeT CBeTOBoe abbachhc KBaHTOBaa TeopHH CBeTa? 

- Kto npeACKa3aji cymecTBOBaHHe cBeTOBoro AaBAeHHa h kto ero H3- 
Mepan? 

- HeMy paBHa 3HeprHH ({jemma c nacTOTOH dl 

- rioneMy xboct komcte. 1 Hanpa bach BcerAa b cTopoHy, npoTHBono- 
AO^KHyK) CTOpOHy CoAHUy? 

ill B. A. Bojikob 
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III. H3yneHHe Hosoro waTepwajia 

(Potoxhmhh H3ynaeT xHMHHecKHe peaKUHH, KOTopbie npoTeKaioT iioa 
aencTBHeM cBeTa (npH ero nornomeHHH). OoToxHMHHecKHe nponeccbi 
jie)KaT b ocHOBe <j)OTorpa(j>HH, (|)OTocnHTe3a h MexaHH3Ma 3 peHHH. Xhmh- 
necKoe achctbhc CBeTa HBjiaeTca eme oahhm A0Ka3aTeAbCTB0M KBaHTo- 
BOH TeOpHH CBeTa. 

SKcnepUMenm 1 

OoTo6yMara ocBemaeTca nynKOM CBeTa. ^epe3 HeKOTopoe BpeMa 
6yMara TeMHeeT. 

SKcnepimeHttt 2 

B cocyA c boaoh noMemaiOT 3ejieHoe pacTeHne, KOTopoe HaKpbmaiOT 
CTeKJiaHHOH BopoHKOH. Ha nocAeAHioio Ha^eBaiOT pe3HHOByio Tpy6Ky, 
KOHeA KOTOpOH 3aKpbIBaK)T 3a3KHMOM. CocyA BblCTaBAAIOT Ha CBeT. He- 
pe3 HeKOTopoe BpeMH ahctba Ha CBeiy noKpbmaiOTCH ny3bipbKaMH ra3a, 
KOTOpbie BCFIJIblBaiOT H C 06 Hpai 0 TCH B y3KOH HaCTH BOpOHKH. K KOHLXy 
pe3HHOBOH Tpy6KH hoahocht TAeiomyio AyHHHy, h 3aTeM 3aACHM pac- 
CAa6A*noT. JlynHHa BocnnaMeHaeTCa. 3tot ra3 - KHCAOpoA- B tcmhotc 
3to aBAeHHe He HMeeT Mecra. 

OoTorpa^HMecKHH npouecc 

ITpouecc noAyneHHH ^OTorpacjmH coctoht H3 neTbipex onepauHH: 
(j)OTocT>eMKa, npoaBAeHHe hachkh, ee 3aKpemieHHe, ^OTonenaTb. 

0omocbeMKa - noAyneHHe AeHCTBHTeAbHoro H3o6pa>KeHHH o6i>eKTa 
B CBeTOHyBCTBHTeAbHOM CAOe 4)OTOriAeHKH. O0T03MyAbCRH: )KCAaTHH, 
MeAKHe 3epHa AgBr. KBaHT 3HeprHH hd oTpbiBaeT 3AeKTpOHbi ot hcko- 
Topbix hohob 6poMa, KOTopbie 3axBaxbiBaioTca HOHaMH cepe6pa. B 3ep- 
Hax AgBr o6pa3yiOTca HeHTpajibHbie aTOMbi, koahhcctbo KOTOpbix npo- 
nopuHOHajibHO ocBemeHHOCTH nAeHKH. 3th aTOMbi o6pa3yiOT cKpbixoe 
H3o6paAceHHe oSteicra ct>cmkh. 

npOHenenue wieHKiL npoasHTeAb thapoxhtoh hah mctoh BoecTa- 
HaBAHBaeT SpoMHcxoe cepe6po b cboSoahoc MeTanAHnecKoe cepe6po. B 
ripotjecce 3aKpenAeHHA b pacTBope THocyAb(jDaTa HaTpHH Na 2 S 2 0 3 npo- 
hcxoaht yAaAeHHe H3 ^otocaoh Bcex cBeTonyBCTBHTeAbHbix 3epeH co- 
ach cepeGpa, He ycneBiiiHx pa3AOACHTbc». 3aKpenAeHHe 3aBepmaeTCA 
npOMbIBKOH IlAeHKH B BOAe. 

< Pomonenantb - nepeHoc H3o6pa>KeHHa c <j)OTonAeHKH Ha CBeTonyB- 
ctb HT e AbHy K) (})OTo 6 yMary. HeraTHBHoe H3o6pa)K*eHHe c (}DOTonAeHKH 
npoeijHpyeTCfl Ha <j)oxo 6 yMary, rAe o6pa3yeTC» CKpbiToe no3HTHBHoe 
H3o6paAceHHe. 3aTeM 3Ty (j)OTo 6 yMary c H3o6paAceHHeM npo«BAHiOT, 
(JiHKCHpyioT, npOMbiBaioT, cyrnaT h noAynaiOT (JjoTorpatjiHK) 061 ^x 3 . 
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HaH6ojii»mee 3HaneHHe HMeeT xhmhhccxhh npouecc, xoTopwii pa- 
3birpuBaeTCH nou xieHCTBneM CBera b 3eneHbix nacxax pacTeHHH. Kax 
H3BecTHO, ubixaHne Bcex acHBbix cymecTB conpOBoac/jaerca oxhcjichhcm 
yniepoua, Bxouamero b cocTaB hx Tejia. CropaHHe yrjiepo.ua b yraexn- 
cjiOTy (C0 2 ) conpOBo>KaaeTCH ocBo6o>K^eHHeM 3HeprHH, xoTOpaa h hc- 
nojib3yexc5i ^hbothumh npn hx jjBH>KeHHH. Tohho Tax >xe rnaBHbiH hc- 
tohhhx 3 HeprHH, Hcnojib3yeMbiH b TexHHxe, 3T0 npouecc cacnraHHa Ton- 
jiHBa, to ecTb onaTb-Taxn npouecc o6pa30BaHna C0 2 . 06paTHbin npo- 
uecc pacmenjieHHfl C0 2 nponcxo,nHT b 3ejieHbix nacTax pacTeHHH nou 
uencTBHeM cojiHenHoro CBeTa, xax (Jjotoxhmhhccxhh npouecc. Pacmen- 
jieHHe yrjiexncjiOTbi conpoBoacuaeTCa uajibHeHuiHMH xHMHHecxuMH npe- 
BpameHHXMH, npHBOUaiUHMH, B XOHUe XOHUOB, X o6pa30BaHHK) Tex OC- 
HOBHblX OpraHHHeCKHX COeUHHeHHH, H3 XOTOpbIX nOCTpoeHO TeJIO paCTe- 
hhh h HCHBOTHbix. Hapauy c 3thm npoueccoM, nuyiuHM b npnpoue B rn- 
raHTCXHX Macnrra6ax, H3BecTH0 h mhoxcctbo upyrnx (JjOTOXHMHHecxHX 
npeBpameHHH. HanpHMep, BbiuBeTaHHe MHornx xpacox, cocToaiunx b 
oxHCJieHHH 3thx xpacox xhcjiopouom B03uyxa nou AencTBneM CBeTa. 
IIOXpaCHB paCTBOpOM HeXOTOpOH XpaCXH (UHaHHHa) CJIOH acejiaTHHa, MbI 
MoaceM coxpaHaTb Taxyio oxpameHHyio njiacmHxy uoBOJibHO uojiro. Ho 
ecjin HanpaBHTb Ha Hee HHTeHCHBHbin nynox CBeTa (ot Cojrnua hjih u y- 
roBoro (^oHapa), to njiacTHHxa b Tex MecTax, xyua na^aeT CBeT, Bbiuse- 
TaeT Tax 6bicTpo, hto 3th ynacTxn CTaHOBaTca 6ecuBeTHbiMH Ha ma3ax. 
Or6eJiHBaHHe xoncxa, pacTaHyToro Ha cojiHuenexe, no cymecTBy npeu- 
CTaBJiaeT co6on (fjoToxHMHHecxoe BbiuBeTaHne. MHorne ^otoxhmhhc- 
cxne npoueccbi b HacToamee BpeMa ncnoJib3yioTca b TexHHxe jyia ycxo- 
peHHoro nojiyneHHa Tex hjih hhmx BemecTB. BojibinnHCTBO tbxhx npo- 
ueccoB HueT oco6eHHO 3HeprHHH0 nou ueiiCTBHeM xopOTKOBOJiHOBoro 
yjibTpa(()HOJieTOBoro CBeTa. 

IV. 3aKpeiLneHHe royneiuforo MaTepwajia 

- B neM npoaBjiaerca XHMnnecxoe uencTBHe CBeTa? 

- Kaxne peaxuHH Ha3biBaioTCa <|)OTOXHMHHecxHMH? npHBejjHTe 
npHMepbi. 

- Mto cnoco6cTByeT oGecneneHnio xpyroBopoTa yniepoua h kh- 
cjiopo.ua b npnpoue? 

- Mto Ha3bmaeTca (J)otochhtc3om? 

- KaxoBa ero pojib b hch3hh 3cmjih? 

- Mto npeucTaBJiaeT co6oh nyBCTBHTejibHbin cjioh (JjoToruiacTHHXH? 

- OnnmHTe Bee onepaunn npouecca nojiyneHHa (J)OTOCHHMxa. 

- KaxoBo 3HaneHHe (f)OTorpa(J)HH? 

V. no'iBe;ieHHe HToroe ypoKa 


n 
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^onojiHHTejibHbiH MaTepnaji 
OoToxHMHHecKan Teopwa 3peHHsr 

3pHTe^bHOe omymeHHe neAOBexa h ^khbothwx cB5i3aHO c 4>OTOXHMHnecKHMH 
npoueccaMH. Cbct, AOCTHraa ceTnaTxn, nomomaeTca CBeTonyBCTBHTeAbHbiM 
BemecTBOM. MexaHH3M pa3AOHceHHfl bthx BemecTB h nocAeAyfomero hx BoccTa- 
HOBjieHHJi noxa He BbiacHeH, ho ycraHOBjieHo, hto npo^yKTbi pa3Ao:>xeHHJi Bbi3bi- 
BaioT pa3^pa>xeHHe 3pHTeAbHoro HepBa. B pe3yjibTaTe nero no nepsy npoxoA^T 
3JieKTpnHecKHe HMnyjibCbi b tojiobhoh mo3i% h B03HHKaK)T omymeHne CBeTa. 

nocKOJibicy 3pHTejibHMH HepB HMeeT pa3aeTBJieHHH no Been noBepxHocTH 
ceTnaTKH, to xapaKTep pa3Apa5xeHHji 3aBHCHT ot Toro, b xaxnx MecTax ceTnaTKH 
npoH3omjio 4>OToxHMH4ecKoe pa3no>KeHHe. Pa3Apa>xeHHe 3pHTenbHoro HepBa 
no3BOJifleT cyziHTb o xapaicrepe H3o6pax<eHH5i Ha ceTnaTxe, h, cacao BaTeAbHO, o 
xapTHHe bo BHemHeM npocTpaHCTBe, KOTOpaa JiBAsieTCJi hctohhhxom 3Toro H30- 
6pa>KeHH«. Mbi BnoAHe othctahbo bhahm npeAMeTbi, ocBemeHHbie jipxHM coah- 
ueM, paBHo xax Te ace npeAMeTbi npn yMepeHHOM BenepHeM ocBemeHHH. 3Ta 
cnocoSHOCTb rAa3a npncnoca6AHBaTbCfl k BecbMa mHpoxoMy AHana30Hy «pxo- 
CTeR hocht Ha3BaHHe aAanTauHH. 

IlpH cjihuixom nepexoAe k apxoMy CBeTy rAa3 cAenHeT Ha BpeM« hah HaBce- 
rAa - b 3aBHCHMOCTH ot TaacecTH ocAenAeHHH. BpeMeHHaii nOTepH 3peHH« xopo- 
rno H3BecTHa aBTOMoSHAHCTaM npn ocAenAeHHH (fiapaMH BCTpenHbix aBTOMamHH. 
Pa3AO)KHBmee BemecTBO pa3Apa»caeT 3pHTeAbHbiH HepB b TeneHHe HexoToporo 
BpeMeHH npHMepHo 1/7 cexyHAbi. floaTOMy B03HHxmee 3pHTeAbHoe omymeHHe 
coxpaHJieTCJi b TeneHHe 3Toro BpeMeHH, xoth 6m caMO pa3Apa>xeHHe h 6mao 
oneHb xpaTXOBpeMeHHbiM. 3Ta cnocoSHOCTb rAa3a HcnoAb3yeTC« b pa3AHHHbix 
npHcnocoSAeHHHX. CaMoe H3BecTHoe hx hhx xHHeMaTorpaiJ). 

^OMauiHee aa^aHue 

§ 93 . 


TnaBa 12. ATOMHan (|>M3HKa 

ypoK 111. CTpoeHHe aTOMa. OnbiTbi Pe3epc|)op^a 

Lfejib: no3HaKOMHTt ynamuxca c smepHOH MOAejibio aTOMa. 

Xoa ypoKa 

I. OpranmauHOHHbiH momcht 

II. HayneHHe HOBoro MaTepwajia 

rHnoTe3a o tom, hto Bee BemecTBa coctoht H3 Gojibiuoro HHCJia aTO- 
mob, 3apoAHAacb cBbirne AByx TbicaHejieTHH TOMy Ha3aj. Ctopohhhkh 
aTOMHHGCKOH TCOpHH paCCMaTpHBaJIH aTOM KaK MeAbHaHUiyiO HeAeAH- 
Myio nacTHuy h cHHTajiH, hto Bee MHoroo6pa3He MHpa ecTb He hto nnoe, 
KaK coneTaHHe HeH3MeHHbix nacTHU - atomob. 
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rio3HUHfl fleMOKpHTa: «Cyuiecmeyem npeden deneurn - amoM». 

llo3HUHa ApHCTOTejw: «JJejiimocmb eeiijecmea 6ecKoueHua». 

KoHKpeTHbie npeacTaBJieHHfl o cTpoeHHH aTOMa pa3BHBaaHCb no Me- 
pe HaKonJieHHH (Jw3hxoh 4>axTOB o cBOHCTBax BemecTBa. OrxpbiaH aaex- 
TpoH, H3MepHjin ero Maccy h 3apaa. Mbicjib o 6 aaexrpoHHOM crpoeHHH 
aTOMa, BnepBbie Bbicxa3aHHyio B. Be6epoM b 1896 roay, pa3BHJi Jl. Jlo- 
peHu. Hmchho oh co3aaa aaexTpOHHyio TeopHio: 3JieKTpoHbi bxo/wt b 
cocTaB aTOMa. 

B Hanajie Bexa b (J>h3hkc 6biTOBaaH caMbie pa3Hbie h Hacro (j)aHTa- 
CTHHecKHe npe^cTaBneHHH o crpoeHHH aTOMa. HanpHMep, pexrop Mioh- 
xeHCKoro yHHBepCHTeTa OepaHHaHa JlHHaeMaH b 1905 r. yTBep>xaaa, 
hto «aTOM xncaopoaa HMeeT (})opMy KOJibua, a aTOM cepbi - (J)opMy ae- 
neniKH». npoaoaacaaa >KHTb h Teopna «BHXpeBoro aTOMa» aopaa Kejib- 
BHHa, corjiacHO xorapoH, aTOM ycTpoeH noao6Ho xojibuaM awMa, Bbi- 
nycxaeMbiM H30 pTa onbirawM xypHabiuHKOM. 

Onnpaacb Ha oTxpbiTHa, ,H>x. Tomcoh b 1898 r. npeaao>KHa Moaeab 
aTOMa b BHae noao>KHTeabHo 3apa>xeHHoro mapa paaHycoM 10“ 10 m, b 
kotopom «njraBaK)T» 3aeKTpoHbi, HeHTpaaH3yiomHe noaoacHTeabHbiH 
3ap«a. BoabUIHHCTBO (J)H3HKOB CKJ10H5!J10Cb, HTO npaB TOMCOH. 

OaHaxo b (J)H3HKe y>xe 6oJiee 200 JieT npHHHTO npaBHJio: oxoHna- 
TenbHbiH Bbi6op Me^cay rHnore3aMH BnpaBe caeaaTb Toabxo onbiT. Ta- 
xon onbiT nocTaBHa b 1909 r. 3pHecr Pe3ep(()opa (1871-1937) co cboh- 

MH COTpyaHHKaMH. 

riponycxaa nynox a-nacTHu (3apaa +2e, Macca 6,64-10 _27 xr) nepe3 
TOHxyio 3oaoiyio (})oabry, 3. Pe3ep<J)opa o6Hapy>XHa, hto xaxaa-TO H3 
nacTHU OTxaoHaeTca Ha aoBoabHo 3HanHTeabHbiH yroa ot CBoero nepBo- 
HanajibHoro HanpaBaeHHa, a He6oabmaa nacTb a-nacTHu orpaacaeTca ot 
(( joabrn. Ho, coraacHO Moaean aTOMa ToMCOHa, 3 th or-nacTHUbi npH 
B3aHMOaeHCTBHH C aTOM3MH <j)OabrH aOa>XHbI OTXaOHJITbCa Ha Maabie 
yrabi, nopaaxa 2°. Oawaxo Hecao)XHbiH pacneT noxa3bmaeT: hto6m o6t»- 
jicHHTb aaace Taxne He6oabiiiHe orxaoHeHHa, Hy>xHO aonycTHTb, hto b 
aTOMax ^oabrH Moacer B03HHxaTb orpoMHoe aaexTpHnecxoe noae Ha- 
npH>xeHH 0 CTbio CBbime 200 xB/cm. B noanamrieHOBOM mape ToMCOHa 
TaxHX HanpaaceHHH 6biTb He MO>xeT. CToaxHOBeHHB c aaexrpoHaMH TO>xe 
He b cneT. Beat no cpaBHeHHio c hhmh, a-nacTHua, aeTamaa co cxopo- 
CTbio 20 xm/c, Bee paBHO, hto nyuienHoe aapo c roponiHHOH. 

B noHexax pa3raaxn Pe3ep(}>opa npeaaoacna TeHrepy h MapcaeHy 
npoBepHTb: «a He Moryr an a-nacTHUbi orcxaxHBarb ot <j>oabrn H03aa». 

npornao aaa roaa. 3a 3to BpeMa refirep h MapcaeH cocHHTaan 6oaee 
MHaanoHa cuHHTHaaaaHH h aoxa3aan, hto Ha3aa OTpaacaeTca npHMepHO 
oaHa a-nacTHua H3 8 tmchh. 
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Pe3ep(()op,n noKa3an, hto Modern, ToMCOHa HaxojiHTca b npoTHBope- 
hhh c ero onMTOM. 06o6maa pe3yjibTaTbi cbohx onbiTOB, Pe3ep<{)op,n 
npe4Jio>KHJi ^nepHyio (rniaHeTapuyio) MO^ejib CTpoeHHa aTOMa: 

1 . Atom HMeeT ajipo, pa3Mepbi KOToporo Majibi no cpaBHeHHio c pa3- 
MepaMH caMoro aTOMa. 

2. B azipe CKOHueHTpHpOBaHa noHTH Bca Macca axoMa. 

3. OTpHuaTejibHMH 3apa# Bcex ojieKTpOHOB pacnpe^eaen no BceMy 
oGteMy aTOMa. 

PacneTbi noKa3ajin, hto a-nacTHnu, KOTOpbie B3aHM0/ieHCTByjoT c 
ojieKTpOHaMH b BemecTBe, nonra He OTKjiOHaiOTca. TojibKO HexoTopwe 
ar-nacTHUbi npoxojiaT b6jih3h a^pa h Hcm>m>iBaiOT pe3Kne OTKJioHeHHa. 

<7 ‘O 

Ecjih F = — — 2 - hjih noTeHimajibHaa 3Hepma cncreMbi a-Macmubi - 
4 ne^r 

m po. 

W = - q ° 

4 xe 0 r 

maul q„-q Q _ - 

hjih — < — — - , to a-nacTHua oy^eT OTOpouieHa Ha3aji. 

2 4x£ 0 r 

npH pacneTe ynHTbiBaiOT, hto q a = 2e , rjie e - 3apa,a ojieicrpoHa: 
q % = Ze ; Z - 3apa/joBoe hhcjio, paBHoe KOJinnecTBy sjieicrpOHOB b aTOMe; 
jjuaMeTp jwpa KT I4 -1(T 15 m, aTOMa 10“ 10 m. 

Coo6iueHHe Pe3ep(J>opjaa 4>h3hkh npHHHJiH caepacaHHO. CaM oh b Te- 
neHne jiByx jieT Taioxe He oneHb cnjibHo HacTaiiBajj Ha cBoefi MO^eJiH, 
xoTfl h 6bui yBepeH b 6e30uiH6oHHOCTH onbrroB, KOTopue k Hefi npHBe- 
jih. Tlpumma 6buia cneny toman. 

Ecjih BepHTb sjieicrpo^HHaMHKe, Tatcaa CHCTeMa cymecTBOBaTb He 
MoaceT, nocKOJibKy 3 JieicrpoH, BpamaiomHiica no ee 3aK0HaM, HeH36e)KHo 
h oneHb cKopo ynajieT Ha JWpo. npHxojmjiocb Bbi6HpaTb: jih6o sjieicrpo- 
^HHaMHKa, jih6o njianeTapHaa MojieJib aTOMa. <Eh3hkh MOJina Bbi6pajiH 
nepBoe. Mojina, noTOMy hto Hejib3a 6buio hh 3a6biTb, hh onpoBeprHyTb 
onbiTbi Pe3ep{j>opjia. <&H3HKa aTOMa 3anuia b xynnK. 

III. 3aKpenjieHHe MaTepnajia 

- B neM 3aKJiK>HaeTCfl cymHOCTb MojiejiH ToMCOHa? 

- HanepTHTe h o6bacHHTe cxeMy onbrra Pe3ep<})opAa no paccenBa- 
HHio a-nacTHu. Hto Ha6jno,aaeM b 3tom onbiTe? 

- OGtacHHTe npHHHHy pacceHBaHHa a-nacTHu axoMaMH BemecTBa? 

- B neM cymHOCTb iuiaHeTapHOH moacjih aTOMa? 

IV. IIoABejie h h e HToroB ypona 
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^onojiHHTejibHbiH MaTepuaji 

Spuecm Pe3ep(popd 

AHrjiHHCKHii (j)H3HK 3pHecT Pe3ep(|)opA poahjich b Hoboh 3ejiaHAHH, Heno- 
Aaiiexy ot r. HenbcoHa. Oh 6bui oahhm H3 12 .aetew KOJiecHoro MacTepa h CTpon- 
TeJibHoro pa6onero ,IJ>KeHMca Pe3ep4)opAa, uiOTjiaHAUa no npoHcxoac/ieHMo, h 
M apTbi (Tomhcoh) Pe3ep<j)opA, uiKonbHOH yHHTenbHnnbi H3 Ahtjihh. CHanana 
Pe3ep4)opA noceman HanajibHyio h cpeAHioio MecTHbie uiKOJibi, a 3aTeM cTan 
CTHneHAnaTOM HenbcoH-KOjuieAwa, nacTHOH Bbicmen nixo/ibi, r^e npoflBHji ce6« 
TanaHTJiHBbiM cTyAeHTOM, oco6chho no MaTeMaTHKe. Ejiaro^apa ycnexaM b yne- 
6e Pe3ep(|)opA nojiyHHji eme OAHy CTHneH^nio, KOTOpaa no3Bonnna eMy nocTy- 
nHTb b KeHTep6epH-KOJineA5K b KpancTHepne, oahom na KpynHeniuHx ropoAOB 
Hoboh 3ejiaHAHH. 

B Konne,a>Ke Ha Pe3ep<t)opaa OKa3ajiH Sojibiuoe BjiH»HHe ero ynHTeaa: npeno- 
flaBaBUiHH 4)H3Hxy h xhmhjo 3.Y. EwKepTOH h MaTeMaTHK ,3,5k. Kyx. llocae Toro 
Kax b 1892 r. Pe3eptj)opAy 6buia npncyacAeHa CTeneHb 6aKaaaBpa ryviaHHTapHbix 
HayK, oh ocrancn b KeHTep6e pn - koaa ejxxe h npOAOJTHCHJi cboh 3aHHTna 6jTaro^apa 
nonyHeHHOH CTHneHAHH no MaTeMaTHKe. Ha cjie^yiomHH roA oh CTan MarncTpoM 
ryMaHHTapHbix Hayx, Aymue Bcex casb 3K3aMeHbi no MaTeMaTHKe h 4>H3HKe. 

B 1894 r. Pe3ep<()opAy 6buia npHcyacneHa CTeneHb 6aKajraBpa eCTecTBeHHbix 
nayK. 3aTeM Pe3ep(J)opA b TeneHHe He^oJiroro BpeMeHH npenoaaBan b oahoh H3 
My^KCKHX niKOJi fCpaHCTHepna. EjiaroAapa cbohm h eo6 bi khobc h h bi m cnoco6Ho- 
ctjim k HayKe Pe3ep4>opA 6biJi yAOCToeH CTnneHAHH KeM6pHA5KCKoro yHHBepcH- 
TeTa b AHrjiHH, r^e oh 3aHHMajicji b KaBeHAHnicKOH jia6opaTopHH, oahom h3 
Be^ymnx MHpoBbix ueHTpoB HaynHbix HccuejjpBaHHH. 

B KeM6pHA>Ke Pe3ep4)opA pa6oTaji hoa pyxoBOACTBOM aHniHHCKoro (J>H3HKa 
JXw.JIjk. ToMCOHa. Ha ToMCOHa npoH3BeJio rjiy6oxoe BnenaTJieHHe, npoBeAeHHoe 
Pe3ep<J)0pA0M HccneAOBaHHe paAHOBOJiH, h oh b 1896 r. npeAJio>KHJi cobmcctho 
H3ynaTb bo3ashctbhc peHTreHOBCKHx jiyneH (oTKpbiTbix toaom paHee Bnnbrejib- 
mom PeHTreHOM) Ha aneKTpHHecKne pa3p«Abi b ra3ax. Hx coTpyAH hhcctbo yBeH- 
qajiocb BecoMbJMH pe3yjibTaTaMH, BKjnonaa OTKpbiTne Tomcohom 3JieKTpoHa - 
aTOMHOH nacTHUbi, Hecymen OTpHuaTe/ibHbiH ajieKTpHHecKHH 3ap«A- Onnpaacb 
&a cboh nccJieAOBaHHB, Tomcoh h Pe3ep(j)opA BbiABHHynn npeAnojio>KeHHe, hto 
^corAa peHTreHOBCKHe Jiynn npoxoAflT nepe3 ra3> ohh pa3pyuiaioT aTOMbi 3Toro 
gma, BwcBo6o>KAaa OAHHaKOBoe hhcao nojio>KHTe;ibHo h OTpnuaTejibHO 3aps- 
3 KeHHbrx qacTHu. 3th nacTHUbi ohh Ha 3 Bajrn HOHaMH. noc/ie 3toh pa6oTbi Pe- 
^ep(J)opA 3aHJuicfl H3yneHHeM aTOMHOH cTpyicrypbi. 

j B 1898 r. Pe3ep(J)opA npHHan MecTO npot^eccopa MaKrnjuicKoro yHHBepcn- 
fcreTa b MoHpeajie (KaHaAa), rAe Hanaji cepnio Ba>KHbix 3KcnepHMeHTOB, KacaH>- 
^hxch paAHoaKTHBHoro H3JiyMeHHfl 3neMeHTa ypaHa. Bcxope oh oTKpwn A»a 
iiHAa 3Toro H3JiyneHHfl: ncnycxaHHe ajib^a-jiyneH, npOHHKaiomHX TonbKO Ha 
icopoTKoe paccToaHHe, h 6eTa-nyneH, KOTopwe npoHHKaiOT Ha 3HaHHTejibHo 
fojibiuee paccTOHHne. 3aTeM Pe3ep(J)opA o6Hapy>KHn, hto paAHoaKTHBHbin Topnil 
icnycxaeT ra30o6pa3Hbin paAHoaKTHBHbin npOAyKT, KOTOpbin oh Ha3Baji «3Ma- 
jauH«» (ot jiaT. «emanatio» - ncTeqeHHe). 

KcTaTH, 3a OTKpbiTne ajTb(j)a h 6eTa H3JiyHeHH« oh nojiynHJi Ho6eneBCKyK> 
ipeMHK) no xhmhh. B cBoen penn npn nojiyneHHH npeMHH oh «3BHTe^bHo cxa- 
teJi: «MHe npHxoAHJiocb HMeTb Aeno c BecbMa pa3JiHHHbiMH TpaHCMyTauHBMH bo 
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BpeMeHH, ho 6bicTpefimaji H3 Bcex, Kaicne a BCTpeHaji, 3 to Moe co6cTBeHHoe npe- 
BpameHHe H3 <J)H3HKa B XHMHKB - OHO np0H30UIJI0 B O/JHO MrHOBeHHe». B03M0)K- 
ho 3to ripoH30uiJio H3-3a Toro, HTO caMO noHffTHe aTOM npHHa/uieacajio caoBapio 
h 4>h3hkob h xhmhkob, xot« hh Te hh flpyrwe eme He yMejiH ero paciiJH<j)pOBaTb. 
Orhzko rjiaBHaa ero 3acnyra b otkputhh cTpoeHHa aTOMa. 


YpoK 112 . KeaHTOBbie nocTyjiaTbi Bopa. 

Tpy^HOCTH rcopiiH Eopa 

Ifejib: c(j)OpMHpoBaTb npe^CTaBJieHHe o kbbhtoboh MexaHHKe. 

Xo jx ypoKa 

I. OpraHH3auH0HHbiii momcht 

II. IIoBTopeHHe H3yneHHoro Marepnajia 

- KaKHe (J)H3HHecKne aBjieHHa noOTBepaoiaioT hohhoc CTpoeHHe 
aTOMa? O HaJIHHHH KaKHX MaCTHU, BXOA»mHX B COCTaB aTOMa, CBH- 
^erejibCTByiOT 3th abjichha? 

- OnHiiiHTe Mo^ejib aTOMa ToMcoHa. TIoneMy 3Ta MOAejib aTOMa 
0Ka3ajiacB HecocToaTejibHoii? 

- HapHcyHTe cxeMy ycTaHOBKH Pe3ep(J)Op^a AJia ontiTOB no pac- 
ceaHHio a-nacTHu. K kqkhm BbiBO^aM npHBeJiH 3th onbiTbi? Ka- 
KOBa npHHHHa pacceaHHa a-n acTnu aTOMaMH BemecTBa? 

- Paccxa^KHTe o iwaHeTapHOH MOAejiH aTOMa Pe 3 ep(j)opAa. B neM ee 

AOCTOHHCTBa H He^OCTaTKH? 

- KaKne 3KcnepHMeHTajibHbie AOKa3aTe:ibCTBa cnyacaT b nojib3y to- 
ro, hto MOflejiB aTOMa aaepHaa? 

- Kaxwe 3KcnepHMeHTajibHbie <j>aKTbi HeB03MoacHo o6i>acHHTb, hc- 
xo^a H3 aj^epHOH MO^ejiH aTOMa Pe3ep4>op;xa? 

III. H3yneHHe HOBoro MaTepiia.ia 

Moflejib, npeAJioaceHHaa Pe3ep<})opAOM, He no3Bonnjia o6BacHHTb yc- 

TOHHHBOCTb aTOMa. 

YcKopeHHoe ABH>KeHHe 3jieKTpoHa corjiacHo Teopnn MaKCBemia co- 
npoBoacAaeTca 3JieKTpoMarHHTHbiM H3Jiy neHHeM , no3TOMy 3 Heprna 3jiex- 
TpoHa yMeHbiuaeTca, h oh ABHaceTca no cnnpaJiH, npH6nH>Kaacb k zjipy. 
Ka3ajiocb 6bi, 3JieKTpOH aojdkch ynacTb Ha aApo, Tax xaK npn ABHSceHHH 
no cnnpajiH yMeHbinaeTca 3 Heprna sjieicrpOHa. B jjeHCTBHTejibHocTH 
aTOMbi aBjiaiOTca ycTOHHHBbiMH CHcreMaMH. 

Bbixoa H3 3Toro 3aTpy^HeHHa 6biJi npe^JioaceH H. EopoM. B ocHOBe 
ero TeopHH neacaT cae^yioiHHe nocTyjiaTbi: 
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1 . ATOMHaa cHCTeMa mokct HaxoAHTbca TOJibKO b oco6bix CTauHOHap- 
Hbfx KBaHTOBbfx cocToaHHax, xaaoioMy H3 Koxopbix cooTBeTCTByeT onpe- 
uejieHHaa aHeprua E n . B cTau.no HapHOM cocToaHHH aTOM He HanyHaeT. 

2. ripw nepexoue aTOMa H3 cxaunoHapHoro cocToaHHa c 6oJibiueH 
3HeprneH E k b CTaunoHapHoe cocToaHHe c MeHbiueH 3Heprneu E„ muy- 
naeTca KBaHT 3HeprHH: 


hv b, = E „ ~E„; 


E,-E 

k 

h 






Hwy-iuuiT 




Ilorji<nuaK»T 


Puc. 10) 


BTOpoft nocTynaT npoTH Bope h ht 3 JieKTpounHaMHKe MaxcBejina, Tax 
xax corjiacHo 3T0My nocTyjiaTy, nacTOTa H3JiyHeHHoro CBeTa CBnueTejib- 
CTByeT He 06 oco 6 eHHOCTH .nBwaceHna sjieKTpOHa, a muiib 06 H3MeHeHHH 
3HepTHH aTOMa. 

Bop paccMaTpHBaJi npocTeHiiwe xpyroBbie op 6 HTbi: 
w e * 

W - — - , rue e - MouyJib 3apaua sjieKTpoHa; r - paccToaHHe ot 
r 

ajieKTpoHa jxo aupa. 

CorjiacHo MexaHHxe HbiOTOHa nojmaa aHeprna paBHa: 



2 r 2 ‘ 


KyjioHOBCKaa CHJia coo6maeT 3JiexTpoHy ueHTpocxpeMHTejibHoe yc- 
KopeHHe: 

mu 2 e 2 22 

~ — hjih mru = e . 

r r J 

no KJiaccHHecKOH MexaHHxe pa^nyc op6HT MoxceT 6biTb jno6biM, 
cjieuoBaTejibHo, juo6bie 3HaneHna MorceT npHHHMaTb h 3Hepma. 

2 r 

no nociyjiaTy Bopa 3Heprwa mokct 6biTb TOJibKO onpeuejieHHoro 
3HaueHHa E n . 
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npH 3JieicxpoHa no KpyroBOH op6nxe Moayjib ero HMnyjib- 

ca mo h paawyc ocxaioxca HeH3MeHHbiMH. 

mur - MOMeHT HMnyjibca. 3xo coBna^aex c iioctoahhoh rijiaHKa no 
HaHMeHOBaHHAM: 

K3-M 

M - * c = M . 

c 

Bop npe^nojio^KH^, hto mur - nh , r,ae n = 1, 2, 3. 3xo h ecTb npaBH- 

JIO KBaHTOBaHHfl: 

tnru 2 - e 2 w mur - nh . 


nojiynaeM 


hn 2 

me 1 


Pajjnycbi op6wx MeHflioxca flHCKpexHO HHCuaM n . 

HaHMeHbiiiaH opSnxa: 

r { =51 0 -9 cm. 

3to h ecTb paanyc aTOMa. Teopna Bopa Aaex H ero npaBHjibHoe 
3HaneHHe. 

ComacHO BTopoMy nocTynaTy Bopa, B03M0>KHbie nacxoxbi H3JiyHeHH5i 
axoMa Bo^opoAa onpe^ejiBioxca (J)opMyjioH: 

v me4 (' _Ll = *f±__Ll 

k " h 4 xhW k 2 ) U 2 k 2 y 

me 4 

r,ae R nocxoflHHaa BenHHHHa. 

4 xh 

llepexo^bi b nepBoe B036y)KjieHHoe cocxohhhc (Ha Bxopon 3HeprexH- 
necKHH ypoBeHb) c BepXHHx ypoBHefi o6pa3yiox cepHio BojibMepa. 

norjiomeHHe CBexa - npoijecc, o6paxHbin H3JiyHeHHK>. Axom, nomo- 
ma* cBex, nepexo/iHx H3 hh3hihx 3HeprexHHecKHx cocxobhhh b Bbicume. 
npH 3 Xom oh norjioiuaex H3JiyqeHne xoh tkc cbmoh nacxoxbi, Koxopyio 
H3nyHaex, nepexo^H H3 Bbicuinx 3HeprexHHecKHX cocxoahhh b HH3iiiHe. 

OflHaKO nocxpoHXb KOJiHnecxBeHHyK) xeopHio ium cjie,nyiomero 3a 
Bo^opo^oM axoMa rejina Ha ochobc 6opobckhx npe,acxaBjieHHH He y/ja- 
jiocb. 3xo HeyjiHBHxejibHO, xax xan xeopHH Bopa 6buia nojiOBHHHaxoH. 

C o,xhoh cxopoHbi, Hcno^b3yexcB 3aK0H KyjioHa h MexaHHKa Hbioxo- 
Ha, a c flpyroft - bbo^axca KBaHxoBbie nocxyjiaxbi. BBe^eHHe b <|)H3HKy 
KBaHxoBbix npejicxaBjieHHH xpe6oBajio pa^HKajibHOH nepecxpoHKH Mexa- 
hhkh h 3JieKxpojiHHaMHKH. 3xa nepecxpOHKa 6buia ocymecxBjieHa, Kor^a 
6 mjih co 3 ,aaHbi HOBbie <j)H3HHecKHe xeopHH: KBaHxoBan MexaHHxa h KBaH- 
xoBan 3jieKXpOAHHaMHKa. 

riocxynaxbi Bopa 0Ka3ajiHCb coBepmeHHo npaBHjihHbiMH. npaBHjio 
)xe KBaHxoBaHHa Bopa, KaK BbiacHHJiocb, npHMeHHMo .najieKO He Bcer^a. 
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IV. 3aKpenjieHHe foyneimoro ivtaTepuajia 

- C(f)opMyjiHpyHTe nepBWH nociyuaT Bopa - nooy;iaT CTatjHOHap- 
HUX COCTOflHHH. 

- KaKHe 3aTpy,nHeHHS Bbi3Bajia njiaHeTapHaii Mo^ejib Pe3ep<})0p,aa 
oStacHeHUfl npoueccoB n3Jiy4eHHJi 3HeprHH aTOMaMH? 

- KaKHM nyTeM Bop Btiineji H3 3Toro nojio>KeHHJi? 

- 3anHuiHTe h c(J)opMyjiHpyHTe BTopow nociyjiaT Bopa. 

- 3anHiuHTe h c<J)opMyjiHpyHTe npaBHJio kbbht oBamw KpyroBbix op- 
6 ht. 

V. rio;iBej|enHe htoiob ypoKa 

JJoMaumee 3aAamie 

n. 95; 96. 


/lonojiHHTejibHbiH MaTepuaji 

Teopufl Eopa rjiaiaMH coepeMemiHKOB 

«ECJIH 3TO npaBHJlbHO, TO 3TO 03HaHaeT KOHeU 4>H3HKH KaK HayKH» (A. 3hh- 

LUTewH, 1913 r.) 

«Teopmi KBaHTOB no^o6Ha ApyrwM no6e^aM b HayKe: MecsuaMH Bbi ynw6ae- 
Tecb hm, a 3aTeM ro^aMH njianeTO) ( V . Kpaviepc, 1920 r.) 

«TeopHIO KBaHTOB MOXHO CpaBHHTb C JieKapCTBOM, H3JieHHBaK>LUHM 60Jie3Hb, 

ho y6HBaioiuBM 6ojibHoro» (r. Kpaiuepc, X. rojibCT, 1923 r.) 

«Bce 3to OHeHb KpacHBo h Kpaime BaacHO, ho, k coxcaneHHio, He 04eHb no- 
hjitho. Mu He nOHHMaeM hh rnnoTe3bi fljiaHKa 06 ocunjuwTopax, hh 3anpeTa 
HecTauHOHapHbix op6nT, h mm He nOHHMaeM, xax ace, b KOHue kohuob, o6pa3y- 
eTCJi cBeT cornacHO TeopHH Bopa. He no^noKHT comhchhk), hto MexaHHKy KBaH- 
TOB, MexaHHKy ^HCKpeTHoro, eme npe^CTOHT co3^aTb» (r.-A. JlopeHu, 1927 r.). 

«OH3HKa Tenepb cHOBa 3aiujia b TynHK, bo bcakom cayHae, mchh OHa 
cjiHiiiKOM Tpy^Ha, h * npe.anoHe.Ji 6bi 6biTb komhkom b khho hjih KeM-HH6y^b 
Bpo/te 3Toro h He cjibiiuaTb HHnero o (|)H3HKe» (B. riaynH, 1925 r.) 

Otto UiTepH BcnoMHHan MHoro jieT cnycT5i, hto b to BpeM5i ohh c Jlaya no- 
KJ151J1HCb OCTaBHTb 3aH5ITHe (J)H3HKOH, eCJlH «B 3TOH 6opOBCKOH 6eCCMbICJlHHe 
XOTb HTO-TO eCTb». 

JlopeHu ceTOBaji, hto He yMep niJTbio maaMH paHee, Koraa b <j>H3HKe eme co- 
XpaH5IJiaCb OTHOCHTejlbHaa 5ICHOCTb. 

axce y Bopa co3.oaBineec5i non owe Hue TeopHH Bbi3biBano «nyBCTBO rpycTH h 
6e3Haae>KHOCTH». 

KBaHTOBaa 4>H3HKa poAHJiacb b jiOHe eBponeilcKOH KyjibTypbt, a jiioah, ee 
c03AaBWHe, — jiymune ee npe,acTaBHTe.nH. Shhiutchh, BopH, reH3eH6epr, 3peH- 
4>ecT, Jlay3 6buiH npeBocxo^HbiMH My3biKaHTaMH, a ITnaHK .aawe hhtbji b yHH- 
BepCHrere jieKUHH no TeopHH My3biKH h b iohocth HaMepeBanc5i CTaTb npo<J>ec- 
CHOH3JI bHbl M TlHaHHCTOM. (Oh pyKOBO^HJl TaK We XOpOM, B KOTOpOM neJI OTTO 
Tbh, TpHjmaTb Jier cnycTB otkphbujhh ^ejieHHe ypaHa.) 

TeH3eH6epr, FlayjiH, Jlaya, IIIpeflHHrep BJiaaejiH apeBHHMH $i3biKaMH, Jlyn ae 
Epofijib - no npO(})eccHH hctophk, a UJpeflHHrep 6biJi rjiy6oKHM 3HaTOKOM (Jwjio- 
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CO$HK H pejIHTHH, OCOSeHHO HH^HHCKOH, nHCaJI CTHXH H B KOHUe >KH3HH mj\ZU\ 
CBOH n03THHeCKHH cSopHHK. 

JlayKQ b HayHHOH nepenHcxe IljiaH h 3oMMeptj)ejibA oGmchhb&jihcb CTHxaMH. 
B Te roAbi b KoneHrareHe b HHCTHTyTe Bopa co3AaBanacb He Tojibxo Hayxa 06 
aTOMe -TaM Bbipoc/ia HHxepHauHOHa^bHaa ceMb* mojioamx fymuKOB. CpeAH hhx 
6biJiH KpaMeHC, TayACMHT n Pe3eH$ejibA - H3 FojuiaHAHH, Kachh - H3 UIbcumh, 
^HpK - H3 AhFJIHH, TeH3eH6epr - H3 TepMaHHH, BpHJIJIH)3H - H3 OpaHUHH, nay- 
J1H - H3 ABCTpHH, HMIUHHa - flnOHHH, YjieH6eK - H3 AMepHKH, FaMOB H JlaHAay - 
H3 POCCHH. 

Hepe3 MHoro act nojiHTHHecKHe 6ypn pa36pocajiH hx no BceMy MHpy: TeH- 
3eH6epr CTa/i maBOH HeMeuKoro «ypaHOBoro npoeKTa»; HmuHHa B03rnaBHji 
snoHCKyw ypaHOByio nporpaMMy; caM Hmibc Bop, cnacaacb ot HanHCTOB, oxa- 
3ancji b aMepHKaHCKOM qeHTpe aTOMHbix nccjieAOBaHHH - JIoc-AjiaMOce. A Ta- 
yACMHT cTan pyxoBOAHTejieM mhcchh «Ajicoc», xoTopaa 6yAeT npn3HaHa bujic- 
HHTb, hto ycneji CAenaTb reH3eH6epr aah nocTponxH HeMeuxon btomhoh 6oM6bi. 

3thx JifOAen yace Her b )khbmx. illpeAHHrep yMep b 1961 r., Bop - b 1962 r., 
EopH - b 1970 r, reii3eH6epr - b 1976 r., JJnpax - b 1985 r., Ae Epo;ib - b 1987 r. 


ypOK 113. JIa3epti 

Lfejib: Ha npHMepe jmepa noxaaaTb xaic pa3BHTwe (JjyHAaMeHTajibHOH 
HayKH (KBaHTOBOH TeOpHH) npHBOAHT K npOrpeCCy B CaMblX pa3JIHHHblX 
o6nacTHX tcxhhkh. 


Xoa ypoKa 


I. Op raHmauHOHHMH momcht 

II. IIpOBeAeHHe caMOCTOHTeJibHOH paOoTbi 


Bapuanm I 

I. fCaKaa (j>opMyjia 6buia BbiBeAeHa 3KcnepHMeHTaAbH0 EaJiBMepOM 
AJih cneKTpa BOAOpOAa? 


{Omeem: 




■) 


2. HaHMeHbiHHH paAnyc op6htbi sueicrpOHa b HeB036y^KAeHH0M aTO- 
Me BOAopo^a r, = 5, 28 *10~ n m. OnpeAenHTe paAHyc op6HTbi aneicrpoHa 


b aTOMe BOAOpOAa, xorAa sneicrpoH HaxoAHTCH Ha TpeTbeM 3HepreTHne- 
CKOM ypOBHe. 

{Omeem: 4,75* 10~ iO m.) 

3. OneprnA aroMa BOAOpOAa b HopMajibHOM coctoahhh Ej = -13,53 3 B. 
OnpeAeAHTe 3Hepn«o KBaHTa, nornomeHHoro aTOMOM BOAOpOAa, ecjin 
3AeKTpoH nepemen c nepBoro 3HeprexHHecicoro ypoBHH Ha TpeTHH. 
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Snepraa 3jieKTpoHa Ha n-H op6HTe CTauHOHapHoro cocroaHHa aTOMa 

Bo^opo^a: E n — ~ . 

n 

(Omeem: 12,02 aB.) 

4 . OnpeAejiHTe ^JiHHy bojihh ajieKTpOMarHHTHoro H 3 JiyHeHHa aTOMa 
Bo^opo^a npH nepexo^e ajieKTpoHa c naToro aHepreTHnecKoro ypoBHa 
Ha BTopofi. floCToaHHaa PH,a 6 epra R = 109737,31 cm 1 . 

(Omeem: 4,37- 10~ 7 m.) 

5. 3jieKTpoH, CBB3aHHUH c aTOMOM, npw nepexo^e c 6onee yuajieH- 
hoh Ha MeHee yaajieHHyio ot a#pa aTOMa opOHTy b momcht nepexoaa. . . 

(Omeem: H3JiyHaeT aHepnno.) 

6. OnpeAejiHTe MHHHMantHyio aHeprmo B036ya<£eHHa aTOMa bojjo- 
pojia, ecjiH ero aHeprna b HopMajibHOM coctobhhh Ei = -13,53 aB. 

(Omeem: 3,39 aB.) 

7. C poctom rnaBHoro KBaHTOBoro nucua n (aHepreraHecKoro ypoBHa 
aTOMa) aHeprwa CTauHOHapHoro cocroaHHa aTOMa . . . 

(Omeem: yBeaHHHBaeTca.) 

8. 3neKTpoH b aTOMe Bo^opo^a nepemen c naToro aHepreTHHecxoro 
ypoBHfl Ha BTopofi. Kax npH axoM H3MeHHJiacb aHeprwa aTOMa? 

(Omeem: yMeHbuiHJiacb.) 

9. Kaxoe yxBepaczjeHHe 6 biJio 6 bi cnpaBe^jtfiBO, ecjiH 6w ^BfOKeHMe 
ajieKTpoHa b aTOMe noaHHHajiocb 3axoHaM KJiaccHHecxoH AHHaMHKH? \ ) 
npH ,aBH>KeHHH Boxpyr a^pa ajieKTpoH aojmeH HenpepbiBHO H3ayHaTb 
aneicrpoMarHHTHbie bojihbi; 2) Bepe3 xopoTKoe BpeMa aaeKTpoH Aojiacen 
ynacTb Ha a^po; 3) BacTOTa ajieicrpoMarHHTHbix bojih, HcnycxaeMBix 
aTOMOM, ^ojiacHa 6bm> paBHa aacToxe o6pameHHa aaeicrpoHa Boxpyr 
aapa. 

(Omeem: ^epes xopoTKoe Bpewa aaefcrpoH jjojiaceH ynacTb na ajjpo.) 

10. Hto c tohkh 3peHHa ruiaHeTapHOH MO^ejiH aTOMa Pe3ep4>opaa 
yaepacHBaeT ajieKTpoHbi h He no3BOJiaeT hm pa3JieTaTbca? 

(Omeem: xyaoHOBCKHe chjibi.) 


Bapuanm II 

1. Kaxyio (^opMyjiy npe^JioacHJi EajibMep ;yia onpe/iejieHHa ajihhbi 
BOJiHbi, HcnycxaeMOH aTOMOM Bo^opo^a? 


(Omeem: 


1 n 

i 

1 >1 

- = R 

— 



R 2 * * * ) J 


•) 


2. HaHMeHbuiHH 6 opobckhh paawyc op6HTbi ajieKTpoHa b HeB036yac- 

.aeHHOM aTOMe Bo^opo^a r { =.5,28*10" n m. OnpeaejiHTe pa^Hyc op6HTbi 

ajieKTpoHa, Koraa aTOM Boaopo^a Haxo^HTca Ha naTOM aHepreTHHecxoM 

ypoBHe. 
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3. 3Hepnitf axoMa BOAopoAa b HopManbHOM coctoahhh E j = -13,53 3B. 
OnpeAejiHTe 3Heprnio KBaHTa, nornomeHHoro aTOMOM BOAopoAa, ecAH 
3jieKTpoH nepeuieji c nepBoro 3HepreTHHecKoro ypoBHB Ha BTopofi. 
3Heprna 3JieKTpoHa Ha n-il opSHTe CTauHOHapHoro coctohhhh aTOMa 

BOAopoAa: E n = . 

n 

{Omeem: 10,147 aB.) 

4. OnpeAejiHTe A^HHy boahu aaeicTpoMarHHTHoro H3JiyqeHHH aTOMa 
BOAopoAa npH nepexoAe aaeicrpoHa c HeTBepxoro 3HepreTHHecKoro 
ypoBHH Ha BTopow. FlocToaHHaji PHA6epra R = 10973,31 cm -1 . 

{Omeem: 0,49 mkm.) 

5. 3neKTpoH, cBA3aHHb/ff c aTOMOM, npu nepexoAe co Bropofi opBimi 
Ha HerBepiyio . . . 

{Omeem: noraomaer 3HeprHio.) 

6. OnpeAeAHTe MHHHMajibHyio 3HeprHio KBaHTa, norAomeHHoro aro- 
mom BOAOpOAa, ecAH npn 3 tom 3AeKTpoH nepeuieA c nepBoro Ha TperoH 
3HepreTHHeCKHH ypOBeHb. 3HeprHH nepBoro 3HepreTHHecKoro ypoBHA 
£/= -13,53 aB. 

{Omeem: 12,02 aB.) 

7. CocTOAHHe aTOMOB, cooiBeTCTByiomee BceM pa3peiueHHbiM 3Hep- 
reTHHeCKHM ypOBHJIM, KpOMe HH3KOTO, Ha3bIBaeTCB. . . 

{Omeem: B036yxcAeHHbiM.) 

8. 3AeKTpoH b aTOMe BOAopoAa nepemeA c nepsoro 3HepreTHHecKoro 
ypOBH5i Ha TpeTHH. KaK npH stom H3MeHHAacb 3Heprwi aTOMa? 

{Omeem: yBeAHHHAacb.) 

9. Ecah 6m ABHXceHHe 3AeicrpoHa b aTOMe noAHHHAAoeb 3aKOHaM 
KAaCCHHeCKOH 3AeKTpOAHHaMHKH, to KaKoe y TBepxcAe h H e 6bIAO 6bl He- 
BepHWM? 

{Omeem: b cTauHOHapHOM coctoahhh axoM 3HeprHio He H3JiyHaeT.) 

10. 3AeKTpOH H npOTOH ABHXCyTCB C OAHHaKOBOH CKOpOCTblO. KaKOH 
H3 3THX HaCTHU COOTBeTCTByeT MeHblHaa 3HepTH5|? 

{Omeem: 3AeKTpOHy . ) 

III. H3yMeHHe Hoeoro MarepHajia 

B 1917 r. 3{fHUiTeHH npeACKa3aA B03M0>KH0CTb HHAyiXHpoBaHHoro 
(BbiHyxAeHHoro) H3jiyneHHa CBera aTOMaMH. IIoa HHAyuHpoBaHHbiM 
H3JiyqeHHeM noHHMaercji H3MepeHHe B036yxcAeHHbix aTOMOB noA AeficT- 
BHeM naAaioinero Ha hhx CBera. 

Euje b 1940 r. coBeTCKHH (})H3HK A. (Da6pHKaHT yKa3aA Ha bo3mo>k- 
HOCTb HCnOAb30BaHH« ABACHHA BbIHy>KAeHHOrO H3AyHCHHH AAA yCHACHHA 
3AeKTpOMarHHTHbIX BO AH. 
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B 1954 r. coBeTCKne yneHbie H. T. BacoB h A. M. npoxopoB h He 3 aBH- 
chmo ot hhx aMepHKaHCKHH ({)H 3 HK TayHC Hcnojib 30 BajiH «BJieHHe zyia 
coaqaHHa MHKpoBOjiHOBoro reHepaTopa pa^noBOjiH. 3 a pa 3 pa 6 oTKy HOBoro 
npHHUHna reHepaqHH h ycHjieHHa pa^HOBOjiH H. F. EacoB, A. M. IlpoxopoB 
h H. TayHC b 1964 r. 6 bijm ynocToeHbi Ho 6 ejieBCKOH npcMHH. 

B 1 960 r. T.r. MeHHanoM b CLUA 6bin co3AaH nepBbiH Jia3ep - KBaHTo- 
Bbifi reHepaTop 3jieicrpoMarHHTHbix bojih b bh^hmom ,anana30He cneKTpa. 

FlyTeM BHeniHero ocBemeHHH B036y5KAeHHbie 3JieKTpoHbi H3 coctob- 
hhh E 2 h E 3 nepexo^HT b cocxojiHHe £/, Koxopoe «BjiaeTC5i pa6oHHM co- 
CToaHHeM Jia3epa. JIa3epHoe H3JiyHeHHe mojkct 6biTb pa3JiHHHoro UBeTa. 

Py6nHOBbiH jia3ep reHepHpyeT nynoK (Jjotohob (X = 694 hm) py6HH0B0- 
KpacHoro CBeTa. 

Ycmpoucmeo pydunoeozo Jia3epa 

Py6HHOBbiH CTepaceHb jia3epa - 3T0 uhjihh^p, xopubi KOToporo OTno- 
jiHpoBaHbi h noKpbiTbi cjioeM cepeOpa TaKHM o6pa30 M, hto o^hh TOpeu 
nonHOCTbio OTpaacaeT cbct, a /tpyroH - hbcthhho OTpaxcaeT, a nacTHHHO 
nponycKaeT. 



IlpH BcnbiniKe jiaMnbi HaKajiHBaHna Ha py6HHOBbifi cxepweHb na^aiOT 
<J)OTOHbI pa3JlHMHOH HaCTOTbl. B CTep>KHe B03HHKaiOT KOJieGaHHJI. Atombi, 
nornoTHB nacTb (^otohob, nepexo^x b B036y)K,aeHHoe cocxonHwe. 

Bo 3 HHKaex BbiHyraeHHoe H 3 /TyHeHHe> Koxopoe pacnpocTpaH^excB 
ciporo b^ojib och CTepacHB h ycHJiHBaeTca npH MHoroicpaxHOM oTpaace- 
HHH OT 3 epKaJI. B pe 3 yJIbTaxe B 03 HHKaeT MOlUHOe MOHOXpOMaTHHCCKOC 
H 3 JiyneHHe - nynoK CBeTa, nacTb Koxoporo blixo^ht nepe 3 noaynpo- 
3 paHHoe 3 epKano. jfJjiHTejibHocTb H 3 jiyHeHHB nyHKa - 10~ 3 c. 

Ceoucmea naiepuoao u3Jiyneuu» 

1 . ManbiH yroji pacxo>K^eHHH nyHKa CBeTa. 

2 . HcKJlIOHHXeJlbHafl MOHOXpOMaTHHHOCTb. 

3. CaMbiil moiuhbih hctohhhk CBeTa 10 14 Bt/c, ConHije — 7* 1 0 3 Bt/c. 

4. KFlfl - okojio 1%. 
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IJpuMeueHue 

riepcneKTHBHO npHMeHCHHe na3epHoro jiyna ajih cb»3H, oco6chho b 
KocMH^ecKOM npocTpaHCTBe. OrpoMHaa moiuhoctb HcnoAb3yeTCJi jxjia 
HcnapeHH5i MarepHajicm b BaxyyMe, caapKH. JtaepHbie jiyHH pacKpanBa- 
K)T TKaHH, peacyT CTaJiBHbie JiHCTti, c noMombio jiyna Jia3epa npoBOA^T 
XHpyprHnecKHe onepaunw, onpeAejunoT paccTOHHHJi c TOHHocTbio a o 

HCCKOJIbKHX MHJIJlHMCTpOB. 

llepcneKTHBHO HcnoAb30BaHHe jia3epHbix nyneH ajih ocymecTBjieHHH 
ynpaBjieHHa TepMOHAepHOH peaKimefi. 

B HacToamee BpeMfl Jia3epbi nojiynwnH BecbMa pa3Hoo6pa3Hoe npw- 
MeHeHHe. 

IV. 3aKpenjieHue myneimoro MaTepiia.ia 

- Mto Taxoe Aa3ep? 

- Kaxoe H3MepeHHe Ha3biBatoT cnoHTaHHbiM h noneMy oho xore- 
peHTHO? 

- 06bflCHHTe npHHUHn AeficTBHJi Jia3epa? 

- 06b»CHHTe ycTpoficTBO py6HHOBoro Jia3epa? 

- nepeHHCJiHTe ocHOBHbie ctjtepbi npHMeHeHHB jia3epOB? 

^onojiHHTejibHbiH MaTepnaji 

Cjiobo «jia3ep» npeACTaBjineT co6oh a66peBwaTypy aHniHikKOH 4>pa3bi 
«Light Amplification by Stimulated Emission of Radiation», nepeBOAHMOH KaK 
ycHjieHHe CBeTa b pe3yjibTaTe BbiHyacAeHHoro (HHAyunpoBaHHoro) H 3 JiyHeHHfl. 
rHnoTe3a o cymecTBOBaHHH HHAyunpoBaHHoro H3JiyHeHHs 6buia BbicKa3aHa b 
1917 r. A 3HHWTeHHOM. CoBeTCKwe yneHbie HT. EacoB h A.M. JlpoxopoB h 
He33BHCHMO OT HHX aMepHKaHCKHH (f)H3HK H. TayHC HCnOJIb30BaJIH «BJieHHe HH- 
AyUHpoBaHHoro H3jiyHeHHH ajih C03AaHHB MHKpoBOJiHOBom reHepaTOpa paAHO- 
BOJTH C AJTHHHOH BO/IHbl X = 1,27 CM. 

Mto6w co3AaTb Jia3ep hjih onTHnecKHH KBaHTOBbin reHepaTop - hctohhhk 
KorepeHTHoro CBeTa hco6xoahmo: 

1) pa6oKee BemecTBo c HHBepcHOH Hace/ieHHOCTbio, to/ibko TorAa mojkho 
nojiyMHTb ycHjieHHe CBeTa 3a cneT BbmyxcAeHHbix nepexoAOB; 

2) pa6onee BemecTBo cjieayeT noMecTHTb Me>KAy 3epKajTaMH, KOTopwe ocy- 
mecTBJisKn’ ofipaTHyto cbjbb; 

3) ycHjieHHe, AaBaeMoe pafioHHM BemecTBo m, a 3HaHHT, mhcjio B036y)KAeH- 
Hbix aTOMOB hjih MOJieKyji b pafioneM BemecTBe, aojokho 6biTb 6ojibme noporo- 
Boro 3HaneHHJi, 3aBHc«mero ot Koa^HijHeHTa OTpaaceHH# no/iynpo3paHHoro 
3epKana. 

IlepBbiM KBaHTOBbiM reHepaTopoM 6biJi pyfiHHOBbin TBepAOTejibHbifl jia3ep. 
Taxxce fibuin co3AaHbi: ra30Bbie, nojrynpoBOAHHKOBbie, >KHAKOCTHbre, moAHHa- 
MHHecKHe, KOJibueBbie (6erymen bojihw). 

Jla3epbi HamjiH uiHpoKoe npnMeHeHHe b HayKe - ochobhoh HHCTpyMeHT b 
H enHHeHHOH onTHKe, KorAa BemecTBa rrpo3paHHBie hjih hct Ana noTOKa o 6 bihho- 
ro CBeTa mchhiot cboh cbohctbb Ha npoTHBonojioxcHBie. 
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Jla3ept»i ho3boahah ocymecTBHTb hobmh MeTOA nojiyneHns 06'beMHbix h 
UB eTHbix H3o6paxceHHH, Ha3BaHHbiH ro^orpa<J)HeH. 

B MeAWUHHe, OCo 6 eHHO B 0 <})TaAbMOAOrHH, XHpyprHH H OHKOAOrHH LUHpOKO 
npHMeHHFOTCB Aa 3 epbi, cnoco 6 Hbie co 3 AaTb Majioe iibtho, 6 naro^apB bmcokoh 
MOHoxpoMaTHqHOCTH h HanpaBJieHHOCTH. B o^TaJibMOjiorHH Aa 3 epHoe H 3 Ayne- 
HHe c 3 HeprneH 0,2-0, 3 JJxc no 3 BOAaeT ocymecTBAKTb p«A caoxchmx onepauHH, 
He Hapymaa ueAOCTHOcTH caMoro rAa 3 a. Oahoh H 3 tbkhx onepaunfi sBAfleTca 
npuBapxa h yxpenAeHHe OTCAOHBuieHCfl ceTwaTKH c noMombio KoaryjiBUHOHHbix 
cnaeK. KpoMe Toro, Jia 3 epHbiH jiyn npHMeHfleTCH aaa BbDKHraHHH 3 AOKaMecTBeH- 
Hbix h ,ao 6 pOKaHecTBeHHbix onyxoAen. B XHpyprHH c<})OKycHpoBaHHbiH cbctoboh 
J 7 yn HenpepbiBHoro Jia 3 epa (MomHocTbio ao 100 Bt) cAyxcHT Hpe 3 BbiHafiHo oct- 
pbiM h cTepHJibHbiM CKanbnejieM, ocymecTBAJnomHM OecKpoBHbie onepauHH Aa- 
x<e Ha neneHH h cene 3 eHKe. BecbMa nepcneKTHBHO HcnoAb 30 BaHHe HenpepbiB- 
Hbix h HMnyjibCHbix /ia 3 epoB aah npHxairaHHfl paH h octahobkh KpoBOTeneHHH y 
OoJIbHbIX C nOHH>KeHHOH CBepTbIBaeMOCTbK) KpOBH. 

Jla3epHa« o6pa6oTKa MeTajuiOB. Bo3MO>KHocTb nojiynaTb c nOMOiUbio na3e- 
poB CBeroBbie rryHKn bmcokoh moluhocth ao 10 12 — 1 0 16 Bt/cm 2 npw {J)pKycHpoBKe 
H3JiyHeHHji b nflTHO AwaMeTpow ao 10-100 mkm AejiaeT Jia3ep moiahwm cpeACT- 
bom o6pa6oTKH onTHnecKH Henpo3paHHbix MaTepHanoB, HeAOCxynHbix ajih o6pa- 
6 otkh o6biHHbiMH MeTOAaMH (ra30Ba« h AyroeaK cBapxa). 3 to no3BOA5ieT ocyme- 
CTBJiaTb HOBbie TexHonorHHecKHe onepauHH, HanpHMep, npocBepjiHBaHHe oneHb 
y3KHx KaHaAOB b TyroruiaBKHx MaTepHaAax, pa3AHHHbie onepauHH npw h3totob- 
jieHHH njieHOHHbix MHKpocxeM, a Taiotce yBeiiHMHBaeT cxopocTb o6pa6oTKH AeTa- 
Aefi. npn npo6HBaHHH OTBepCTHH b ajTMa3Hbix Kpyrax coxpamaeT BpeMJi o6pa- 
6 otkh OAHoro Kpyra c 2-3 AHen ao 2 mhh. HaH6onee uiHpoKO npHMCHfleTCB Aa- 
3ep b m h K poajieKTpoH nice, rAe npeAnoHTHTeAbHa CBapxa coeAHHeHHH, a He naH- 
xa. OcHOBHbie npeHMymecTBa: OTcyTCTBHe MexaHHHecKoro KOHTaKTa, bo3mo>k- 
HOCTb o6pa60TKH TpyAHOAOCTynHbIX ACTaJieH, B03MO>KHOCTb C03AaHHfl y3KHX 
KaHanoB, HanpaBAeHHbix noA yrAOM k o6pa6aTbiBaeMoff noBepXHocTH. 

JIa3epHaB CBA3b H AOKaUHH. no CpaBHeHHIO C CymeCTByFOlAHMH CpeACTBaMH 
paAH0CBX3 H h paAHOAOKauHH Aa3epHbie o6AaAaioT AayMs ochobhmmh npeHMy- 
mecTBaM h : y3KOH HanpaBAeHHocTbio nepeAaHH h ldhpokoh noaocoH nponycKa- 
hha nepeAasaeMbJX nacTOT. CaM Aa3ep co3AaeT HanpaBAeHHhiH Ayn (pacxoAHMO- 
CTbio ~10'), a npHMeHeHHe onTHHecKOH CHCTeMbi no3BOA5ieT c<J)opMHpOBaTb eme 
6 onee napajuieAbHbiH Ayn (pacxoAHMOCTbio ~ 2-3"). Oahh Aa3epHbiH Ayn no3Bo- 
AJieT nepeAafiaTb chthaa b noAoce nacTOT - 100 Mru. 3 to AaeT B03MO>KHOCTb 
OAHOBpeMeHHOH nepeAanH 200 TeAeBH3H0HHbix xaHaAOB. 

nepBbie CBeAeHH« o npHMeHeHHH Aa3epHOH aokaumh othochtch k 1962 r., 
Kor#a 6 buia ocymecTBAewa JiOKamw Jlyma. YBejnweHue moiuhocth, H 3AywaeMOH 
Aa3epoM, cAeAaeT B03MO>KHbiM Kaprorpa(}}HpOBaHHe noBepXHocTH JlyHbi c 3eMAH 
C BbICOKOH TOHHOCTbK) (OKOAO 1,5 M). Jla3epHaA AOKailHJI HpHMeHfleTCfl TaKXCe B 
reO<j>H3HKe AAH OnpeAeAeHHJI BbICOTbl o6AaKOB, HCCAeAOBaHH H MHBepCHOHHblX H 
a3p030AbHbix CAoeB b aTMOC^epe, Typ6yAeHTHocTH h t. n. 

Jla3epHbie cncreMu HaBHrauHH h o6ecneHeHH« 6e3onacHOCTH noAeTOB. Oa- 
HUM H3 OCHOBHbfX 3JjeMeHTQB HHepAHaAbHb/X CHCTCM HaBHrai^HH, UiUpOKO HC- 

HOAb3yeMbix b aBHauHH, hbaak)tcji rHpocKonbi, KOTOpbie b ochobhom h onpeAe- 
AStOT TOMHOCTb CHCTeMbi. Jla3epHbie THpOCKOnbl 06AaAaK)T AOCTaTOHHO BbICOKOH 
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TOHHOCTbtO, SoJIbUIHM AHana30HOM H3MepeHH^ yrjTOBbIX CKOpOCTeH, MaJIbIM co6- 
CTBCHHbiM Apen^oM, HeBocnpHHMHHBocTbio k jiHHCHHbiM neperpy3KaM. Jla3epbl 
ycneuiHO npHMeHinoTCH xax h 3 mcphtcjih ckopocth nojieTa, BbicoTOMepbi. JIa3ep- 
Hbie Kypco-rjiHCca^Htie CHCTeMbi o6ecneHHBaioT 6e3onacHocTb noneTOB, cB«3aH- 
Hyio c yBejiHHeHHCM tohhocth chctcm noca^KH, chh^kchha orpaHHHeHHH no 
MeTeoycJTOBHSM, o6ecne i ieHHeM 6ojibuiHx y^o6cTB pa6oTbi 3KHna)Ka npw Bbinoji- 
hchhh Taxoro OTBeTCTBeHHoro ynacTica nojieTa, xax nocaaxa. ycTaHOBjieHHbie 
b 6 /ih 3 h B 3JieTHo-noca;joHHoro no/ioraa Jia3epHbie jiynn co3AaioT reoMeTpHne- 
cxyio xapTHHy, no3BO/iflioinyK3 cy^HTb o npaBMJibHocTH Bbiflep5KHBaHH» TpaexTo- 
pHH noca^KH. 

JTa3epHbie CHCTeMbi ynpaBJieHHH opy^neM pe3KO noBbicnjiH TOHHocTb nona- 
AaHHs. JIa3epHafl nojiyaKTHBHaa cHCTeMa HaBCjiCHHff coctoht h 3 J7a3epHoro ae- 
jieyKa3aTe;i« (jia3epHOH CHCTeMbi noACBeTa uejin) h 6oenpnnaca c jia3epHOH ro- 
jiobkoh caMOHaaeAeHHH. 


YpoK 114. YpoK-urpa «Cboh urpa» 

Lfejib: noKa 3 aTt, hto (j)H 3 HKa cBsnaHa co mhoitimh imcoAbHbiMH 
npeAMeTaMH. 


Xoa ypoKa 

L IIOArOTOBHTeAKHBIH 3Tan 

Ot pe6flT Tpe6yeTC« cepLe3Haa noAroTOBKa no <})H3HKe, ee hctophh, 
MaTeMaTHKe n jiHTepaiype. 

Ka^KABin Bonpoc BbinncaH Ha oTAejibHyio KapTOHicy (njiOTHbm icap- 
toh), Ha ApyroH CTopoHe kotopoh yKa3aHbi Oanjibi. 

3pHTejm pacKJiaAtiBaiOT icapTOHKH Ha cBoeM CTOJie b onpeAeAeHHon 
nocjieAOBaTejibHOCTH, HanpHMep: 


OnTHKa 

100 

200 

300 

400 

500 

BejTHKHe OTKpbITHfl 

100 


300 

400 

500 

KBaHTOBaa (J)H3HKa 

100 

200 

300 

400 

500 

<t>H3HKa h npHpOAa 

100 

200 

300 

400 

500 


IloAo6Hbie ace cxeMU HaxoAflTCJi Ha cTOJiax nrpoKOB. TIpaBHJia nrpw 
Te ace, hto h b TB-nrpe: 3 rypa h (|)HHaji. 

II. Xoa wrpbi 

1-h Typ 

OnmuKa 

100. Hto Taxoe jiyn cBeTa? 

200. Hto TaKoe cbctoboh nynoK? 

300. KaKHMH ABjieHHAMH mo>kho noATBepAHTb npflMOAHHeHHOCTb pac- 
npocTpaHeHHA ceeTa? 
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400. B HeM COCTOHT npHHUHII oOpaTHMOCTH CBCTOBbIX jiyneii? 

500. KaKoe OTpaaceHHe cseTa Ha3biBaiOT 3epKanbHbiM? 

BenuKue omKpbimun 

100. C ero (JmMHjiHeH cBjnbiBaerca Ha3BaHwe chjim, c KOTOpofi Mar- 
HHTHoe nojie aeficTByeT Ha .aBHacymyioca 3apJCKeHHyio nacTHuy. 

200. M3BecTHbiw span, (J)h3hk, acrpoHOM, MexaHHK-Meraruiypr, erwn- 
TOJior, cJjHSHOJior, nojiHTOJior, cnocoOHbin rHMHacr. 

300. B 1821 r. yneHbiH 3anHcaji b cbocm ^HeBHHKe «ripeBpaTHTb Mar- 
HerH3M b 3jieKTpHHecTBO». HepC3 10 jict 3Ta 3 a^ana 6 bma hm peuieHa. 

400. Oh 3KcnepHMeHxanbHo ^oKa3aJi cymecTBOBaHHe 3jieKTpoMar- 

HHTHblX BOJIH. 

500. C ero HMeHeM criajaifbj ycraHOBJieHHe nepBoif b MHpe rejie- 
rpatJ)HOH CBB3H Me*cay AMepHKOH h EBponoif h aOcomoTHaa micajia TeM- 
nepaTyp. 

Ketmmoeax ipiuuKa 

100. Kaicyio ponb Cbirpano b (J)H3HKe H3yneHHe H3JiyneHHJi aOcojiiOT- 
ho nepHoro Tejia? 

200. IloMeMy 3aKOHbi miaccHnec koh 3JieKTpo/iHHaMHKH He Moryr o 6 i»- 
acHHTb H3JiyneHHe aOcojiiOTHo nepHoro xejia? 

300. KaKHe H3 33kohob (J>OT03(})<j)eiCTa, nojiyneHHbie b pe3yjibxaTe 
3 KCnepHMeHTOB, He o6bHCHJUOTC« C n03HUHH KJiacCHHeCKOH 3JieiCTpOflH- 
HaMHKH? 

400. ConocTaBbTe rHnore3bi FLnaHKa h OHHurreHHa 06 3JieicrpOMar- 
HHTHOM H3JiyneHHH. 

500. Kax B3aHMOCBji3aHhi ypaBHeHHe OHHnrreHHa wx <|)OT03<J><J>eKTa 
h 3aKOHbi CTOJieTOBa, nojiyHeHHbie 3MnwpHHecKHM nyreM? 

d>ui uk a u npupoda 

100. IlOHeMy B HCHLIH COJIHeHHblH JXCHh COJIHeHHbie 6jihkh nojx Jic- 
peBbHMH Kaxcyrcji HaM KpyrjiUMH - Be^b npoMOKyncH Meacny jihctbhmh 
HMeiOT caMyio pa3HOo6pa3Hyio (J>opMy? 

200. HeoGxojiHMO pacnojioacHTb no npsMOH jihhhh Mono^bie ^epe- 
BbH, BbIC2DKHBaeMbie B 3CMJIK) npH 03CJieHeHHH yJIHUbl. KaKHM CBOHCT- 
bom ceeTOBbix jiyneii nojib3yioTca npw 3tom? 

300. rioneMy fljiHHHaa amiea ^epeBbes Ha 3HaHHrejibHOM paccrojiHHH 
ot HaOjnoAaTejw Kaxcerca cxoflamefica b oflHy Tonicy? 

400. rioneMy y koiukh b TeMHore CBeraTca rjia3a? 

500. 4to npe^cTaBJiaeT co6oh 3epKajio, rrpHMeHaeMoe npw itccae/jo- 
bbhhh rna3Horo wa. 6ojibHoro? 
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2-h Typ 

OnmuKd 

100. Kaicne ycjiOBHfl HeoOxoAHMbi aji» nojiyneHHfl H3o6patfceHHJi b 
njiocKOM 3epKane? 

200. KaKoe H3o6pa»ceHHe HMeeT hctohhhk b njiocKOM 3epKane? 

300. KaKoe H3o6pa»ceHHe Ha3biBaioT AencTBHTejibHbiM, mhhmlim? 

400. Mo^KeT JIH HCTOHHHK 6bITb MHHMLIM? 

500. KaKoe OTpasceHHe CBeTa Ha3braaiOT AH(J)(}>y3HbiM? 

BemiKue omKpbimun 

100. Hto oTKpwji X. 3pCTeA 15 (JjeBpajia 1820 r., HHTafl jieiajHio CTy- 
^eHTaM yHHBepCHTeTa? 

200. B CBoeM ^HeBHHKe HeMeuKHH (J>h3hk Teopr Chmoh Om mmier: 

6paJI KyCKH IJHJIHHApHHeCKOH npOBOJIOKH npOH3BOJIbHOH flJIHHLI H3 
pa3JinHHbix MaTepnajioB h noMeman hx noonepeAHO b uenb...». Kaxyio 
3aBHCHM0CTb ycTaHOBHJi Om b 3thx oiccnepHMeHTax? 

300. Ha30BHTe nepBoro pyccxoro axaneMHKa? 

400. OTKpbiji boaopoa, yrneKHCubiH ra3, onpe^ejiHji cocTaB B03Ayxa, 
nocTOBHHyio TaroTeHHB, Oy^ynw anniHHCKHM aopaom, oh nepBbiM ycTa- 
HOBHA 3aKOH B3aHMOAeilCTBHH OJICKTpHHeCKHX 3apBAOB. KtO 3TO? 

500. Abtop HayHHoro Tpyaa «MaTeMaTH4ecKHe Havana HaTypanbHOH 
4 >hjioco^hh». 

KeanmoGan (pinuKii 

100. ^to o6mero hmciot h neM OTjiHHaioTca 4 )OTOHM H Hacraubi se- 
mecTBa? 

200. KaKoe H3 cjieAyiomHX yTBepacAeHHH o CBeTe BBJweTcs, na Bam 
B3rjum, HaH6ojiee BepHbiM: 

a) «CBeT - 3 to 3JieKTpoMarHHTHbie BOJiHbi»; 

6) «CB6T - 3TO nOTOK HaCTHU (})OTOHOB»; 

b) «CbCT - 3TO 3JieKTpOMarHHTHbie BOJIHbl H nOTOK (j)OTOHOB oa- 
HOBpeMeHHo»; 

r) «CBeT - 3TO HH 3JieKTpOMarHHTHbie BOJIHbl, HH nOTOK (J)OTO- 
HOB»; 

a) «CbOT - 3TO H TO H Apyroe, HH TO HH Apyroe OAHOBpeMeHHO». 

300. Mo^CHO JIH CHHTATb ({)OTOH MaTepHaJIbHbIM oSbCKTOM, BeAb ero 
Macca paBHa Hyjiio? 

400. IloKa>KHTe B3aHMOCB5i3b MaTepHH h ABH^ceHHfl Ha npHMepe: 

а) cymecTBOBaHHH (})OTOHa; 

б) pacnpocTpaHeHHJi 3jieKTpoM arHHTHOH bojihbi. 

500. CpaBHHTe BemecTBo h 3JTCKTpoMarHHTiioe none xax bhabi MaTe- 
pHH. 
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&U3UKCI u npupoda 

100. KaKHe acHBOTHbie Hcnojib3yioT «nepHCKon» ajiji HaOjnoAeHHB 
npe^MeTOB H3-3a yKpbiTHH? 

200. rioneMy pacTeHHs He cneAyeT noAHBaTb b to BpeMa, Kor^a Ha 
hhx naaaioT cojiHe^Hbie Jiynn? 

300. HeMy paBHa onTHHecKaa cnaa xpycTanHKa HejiOBenecKoro rjia3a? 

400. KaKaa nacTb HejioBeHecKoro rjia3a Oojibuie Bcero npenoMJuieT 
CBeTOBbie nyHH? 

500. H3BecTHo, hto npHHHHn paOoTbi rjia3a noAoOeH npHHUHny pa- 
60™ MHorax onTHHecKHX npH6opOB. Ho noneMy xce b >kh3hh 6e3 cne- 
UHajiLHtix npHcnocoO^eHHH Mbi He 3aMenaeM xpoMaTHnecKoil a6eppa- 
nun rjia3a? 


3-h Typ 

OnmuKa 

100. B neM cymHocTb mctoaob reHeTHHecKOH oiithkh? 

200. rioneMy ruiocKoe 3epKaJio HHor^a Aaer HCKaaceHHoe H3o6pa>KeHHe? 

300. CnpaBeAJiHBbi jih 3aKOHbi OTpaaceHHB b cjiynae na^eHHB CBeTa Ha 
jihct TeTpa^HOH 6yMarH? 

400. floneMy Hejib 3 fl HcnoJib 30 BaTb njiocKoe 3 epKajio b KanecTBe kh- 
H03KpaHa? 

500. KaKHMH cnocoOaMH «3Mep5uiacb cxopocTb CBeTa? B neM Tpy/j- 
HOCTH H3MepeHHH CKOpOCTH CBeTa? 

BejiuKue ontKpbimuH 

100. «3BpHKa! 3BpHKa! 51 Hawen!» ~ KOMy npHHajUiexcaT 3 th cjioBa? 

200. yneHbiH, KOTOpbiH no# yrp030H cMepTH, BbmyHCAeH 6bui ot- 
penbCH ot CBoero yneHHa, ho, no npe^aHHio, yxce BbixoA* «3 3ajra cyAa, 
npoH3Hec HCTopHnecKyio <j)pa3y: «A Bce-TaKH OHa BepTHTca!». Kto oh? 

300. <I>paHuy3CKHH yneHbiH h <{)hjioco<}) c^opMyjmpoBaji 3 bkoh co- 
xpaHeHHH KonwqecTBa ABHaceHHfl, ero chctcmoh KOopAHHaT nojib3yioTca 
b reoMeTpHH. 

400. npo Hero cKa3aJin: «Oh ocTaHOBHji CojiHije h cABHHyji 3eMJiio». 
O kom H^eT penb? 

500, O xaKOM pyccKOM yneHOM Ham bcjihkhh no 3 T A. C. ITyuiKHH 
CKa 3 aji, hto oh co 3 ^aJi nepBbiii b Pocchh yHHBepcHTeT, hto «oh, jiyniue 
CKa 3 aTb, caM 6 wjt nepBbiM pyccxnM yHHBepcHTeTOM»? 

Keanmoean (puiuKa 

100. KaK 6bi bm oraecjiHCb k coo6meHHio o tom, hto otkpwt hobbih 
bh a MaTepHH, oTJiHHHbiH ot BemecTBa H OT nOAfl? 

200. Kax bm noHHMaeTe cjioBa o eftHHCTBe bhaob MaTepHH - BemecT- 
Ba h nojin? 
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300. YicaHCHTe BOjmoBue, KOpnycKyjwpHwe h KBaHTOBMe CBOHcrea 
cBeTa. KaKOBa cb«3l Me^y 3 thmh cBOHCTBaMH? 

400. Mor/io jih cjiyHHTBc» xaic, hto b HcropHH Hayiai no6e^njia 
o,UHa H3 KOHuenuHH o npHpo^e CBeTa - BOJiHOBaa hjth KopnycKyjmpHafl? 

500. KaK Bbr noHHMaeTe yraep^eHMe: «KopnycKyjiapHo-BOJiHOBOH 
jiyaniOM - 3 to o6mee cbohctbo MaTepHH»? 

0muKa xi npupoda 

100. IloHeMy 6jiH30pyKHe jhoah, hto6w Jiynuie Bimen>, myp^T ma3a? 

200. Jlpa Ha6jiK>AaTeji5i - 6jiH30pyKHH h ,najH»H030pKHH - paccMaTpH- 
BaioT npe^MeT nepe3 jryny, pacnojiaraa ee Ha oah H axoBOM paccxoaHHH 
ot rjia3a. KoropMH H3 Ha6jno,naTejieH aojdkch pacnojjoscHTt npe^MeT 
6iiH5Ke k Jiyne ? 

300. IloHeMy c HacTyruieHHeM tcmhotw mm craHOBHMca KaK 6u 6 hh- 
30pyioiMH, h onepTaHHB npeAMeroB nepecraioT 6bm» pe3KHMn? 

400. IloneMy AHeM 3panKH y JiKxnen cyacaioTCJi, a hohmo pacmnps- 
iotcb? 

500. IloneMy HaxoAacb b ocBemeHHOH KOMHare, mm HHnero He bh- 
£Hm 3a okhom, Konxa creMHeer? 


Omiaji 

ynHTejib 3a^aer Bonpoc. riepBMH OTBerHBiiiHH rioOe^aeT. 

- OObilCHHTe C TOHKH 3peHHB OIITHKH BMpa^KeHHC «IIo t H>K) BCe KOIH- 
kh ceptr». 

m. Hoa Bexeii »ie htoiob Hipu 

IIOABOWlTCa HTOTO H BMCTaBJIfllOTCJI OUeHKH. 


TiiaBa. 13. 4>M3HKa aroMHoro nnpa 

ypOK 115. PaflHOaKTHBHOCTb. 

PajiHoaKTHBHbie npeBpaiqeiiHH stomhmx njxe p 

LfeJib: jxsm> ynamHMcs npe^craBJieHHe o paAHoaKTHBHOCTH. 

Xoa ypoica 

I. OpraHHiaUHOHHKIH MOMeHT 

II. IIpoeepKa aoMaumero 3aAamisi 

~ Mtd npeACTaBJweT co 6 oh aTOM coraacHo moacjih, npeAJKWKeHHofi 
Tomcohom? 
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KaK npoBO^HTCH onbix no pacceHBaHHio a-nacrmx? 

- KaKon bbiboa Gliji CAeJiaH Pe3ep(j)opAOM Ha ocHOBaHHH xoro, hxo 
H eKOTopbie a-nacTHi^bi npn B3aHMOAencxBHH c (|)OJibroH pacceHBa- 
UHCb Ha 6ojibiune yrjibi? 

- Bxo npeACxaBJiaex co6oh aTOM comacHO BAepHoii Mo^ejin, bmabh- 
HyTon Pe3ep(j)OpAOM? 

- PaccKaacnxe, KaK a-nacxHijbi npoxoAsx cKB03b axoMbi BemecxBa co- 
macHo a^epHOH moacjih. 

III. Hsynemie Hoaoro MaTepnajia 

OxKpbixne ecxecxBeHHOH pa^noaKXHBHoexH - HBjieHHe, AOKa3breaio- 
mee cjioacHbiH cocxaB axoMHoro ba pa, npOH30Uuio 6naroAapB cnacxjiH- 
boh cjiynaiiHOcxH. 

EeKKepejib oGHapyacHA, hxo xhmhhcckhh 3JieMeHx ypaH caMonpOH3- 
BOJibHO (x. e. 6e3 kakhx-ahGo bhciuhhx B03AeiicxBHH) H3Jiynaex panee 
HeBH^HMbie jiynH. HanajiHCb HHxeHCHBHbie nccjie^oBaHHH. OGHapyacn- 
jiocb, hxo H3^yneHHe ypaHOBbix conen HOHH3Hpyex B03Ayx h pa3pa>Kaex 
3JieKxpocKon. 

EbiJio ycxaHOBneHO, hxo HHxeHcHBHoexb H3AyneHHB onpeAenaexcB 
xojibKO KOJiHnecxBOM ypaHa b npenapaxe h coBepineHHO He 3aBHcnx ox 
xoro, b KaKne coeAHHeHHB oh bxoahx. Cbohcxbo npncyme XHMHnecKOMy 
ojieMemy ypaHy. 

B 1898 r. MapHB CKJiOAOBCKaB-KiopH (1867-1934) bo (PpaHUHH, a 
xaioKe Apyrne yneHbie oGHapy>KHJiH H3JiyneHHe xopna. B AajibHeifriieM 
ocHOBHbie ycHjiHB b noHCKax HOBbix ajieMeHxoB SbiJiH npeAnpHHHxbi 
Mapnen Ckaoaobckoh-Kioph h ee MyaceM IlbepOM KiopH. CaMO ace bb- 
jieHHe caMonpoH3BOHbHoro H3AyneHHB Gmjio Ha3B3Ho cynpyraMH KiopH 
pa^HoaKXHBHOCxbio. Bnocjie^cxBHH 6wjio ycxaHOBJieHO, hxo Bee xhmh- 
necKHe 3JieMeHXbi c nopBAKOBbiM HOMepoM 6ojiee 83 bbabioxcb paAHoaK- 

XHBHblMH. 

B 1989 r. } noABepraB pa^noaKXHBHoe H3JiyneHHe flencxBHfo MarHHX- 
Horo nojiH, 3. Pe3ep^opA BbmejiHJi Asa bhjxsl H3JiyHeHHB: <2-AyHH (xa>xe- 
jibie noiiOBCHxejibHO 3apBaceHHbie nacxHUbi, ba pa axoMa reJiHB) h fi-Jiynw 
(oxpHHaxenbHO 3apBaceHHbie nacxHUbi). 

B 1900 r. FI. BHKJiapa oxKpbui ^jiynn - HeftxpajibHoe H3JiyneHHe, r^e 
Macca noKOB paBHa Hyjno. 

3xh xpn BH^a H 3 JiyneHHB oneHb CHJibHO oxJiHHaioxcB Apyr ox Apyra 
no npOHHKaiomeH enocoGHoexH. HaHMeHbmen npoHHKaiomeH cnocoG- 
Hocxbio oGjia^aiox a-jiynn. 

Cjioh GyMarn xojiiahhoh okojio 0,1 mm aab hhx yace Henpo3paneH. 
JJjix p - Jiynen Henpo3paHH0H bbjibctcb amoMHHHeBaH njiacxHHKa npH 
xojiuxHHe HecKOJibKo MHjuiHMexpoB . HanGoAbinen npOHHKaiomeH cno- 
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coShoctbio o6jia,aaioT y-jiynu, cjioh CBHHua toaiijhhoh 1 cm He hbakctch 
Aah hhx HenpeoflOJiHMOH nperpa^oft. 

no CBOHM CBOHCTBaM ^JiyHH HaiTOMHHaiOT peHTreHOBCKHe. 3 to 
3JieKTpOMarHHTHbie BOAHbl C JIJIHHOH BOAHbl OT 1(T 8 AO 10- n CM. 

npome Bcero 6 lijio 3KcnepHMeHTHpoBaTb c /2-jiynaMH, Tax KaK ohh 
CHA bHO OTKAOHAAHCb KaK B MaTHHTHOM, TaK H B 3AeKTpHHeCK0M nOAe. 

npH HCCJieflOBaHHH 6bmo ycTaHOBjieHO, hto ohh npejjCTaBjunoT co6oh 
H e HTO HHOe, KaK 3JieKTpOHbI, ^BH5KymHeCfl CO CKOpOCTHMH, OHCHb 6jlH3- 
KHMH K CKOpOCTH CBeTa. 

TpyAHee OKa3anocb BbiHBHTb npHpoAy a-nacTHir OKOHHaTeubHo 3iy 
3a^aHy peuiHJi Pe3ep4)OpA. <2-nacTHUbi OKa3ajiHCb jmpaMH aTOMa rejina. 

Hto ace nponcxoAHT c BemecTBOM npH pa^HoaKTHBHOM H3JiyneHHH? 
Yace b caMOM Hanajie HCCAeAOBaHHA paAHoaKTHBHOCTH o6Hapya<HAOCb 
MHoro CTpaHHoro h HeoSbiHHoro. 

Bo-nepBbix, y^HBHTejibHoe itoctobhctbo, c KOTopbiM pa^noaKTHBHbie 
ajieMeHTbi HcnycKaiOT H3JiyneHH3. Ha npOTaaceHHH cyTOK, MecaueB h neT 
HHTeHCHBHOCTb H3AyHeHHfl 3BMCTHO He H3MCHJieTCS. Ha HeTO He OKa3bI- 

BaeT BJiHHHHe HarpeBaHHe hjih yBejiHHeHHe AaBAeHHa; xhmhhcckhc pe- 
aKUHH, b KOTOpbie BCTynan paAHoaKTHBHbiH ojieMeHT, TaioKe He bahhah 
H a HHTeHCHBHOCTb H3AyHeHHfl. 

Bo-BTOpbIX, pa^HOaKTHBHOCTb COnpOBO>KAaeTC5I BbWJieHHeM 3Hep- 
thh, h 0Ha BbiAenaeTca HenpepbiBHo Ha npOTaaceHHH p*Aa JieT. OTKy^a 
ace 6epeTca 3Ta OHeprna? npH pa^HoaicTHBHocTH BemecTBo HcnbiTbmaeT 
KaKHe-TO rjiy6oKHe H3MeHeHH«. BbiJio CACJiaHo npeAnoAoaceHHe, hto 
npeBpameHna npeTepneBaioT caMH aTOMbi. 

B AaJibHeHuieM 6buio oSHapyaceHO, hto b pe3ynbTaTe aTOMHoro npe- 
BpameHHa o6pa3yeTca BemecTBo coBepuieHHo HOBoro bhab, nojiHocTbio 
OTJlHHHOe no CBOHM <j)H3HHeCKHM H XHMHHCCKHM CBOHCTBaM OT nepBOHa- 
najibHoro. 3 to HOBoe BemecTBo, OAHaKO, caMO Tax ace HeycTOHHHBO h 
H cnbiTbiBaeT npeBpameHHJi c HcnycxaHHeM xapaKTepHoro paAHoaKTHB- 
hoto H3JiyHeHHfl. 

IV. IIOABeAeHHe htotob ypoKa 

^[oMauiHee la^aiiHe 

n. 99. 


/lonoAHHTeAbHbiH MaTepnaA 
AHTyaH EeKKepejib 

AHTyaH EeKKepejib - 4>paHuy3CKHH (})H3 HK, poahach 15 AexaSpfl 1852 r., b 
F lapHace. CbiH AjieKcaHApa 3AMOHAa EeKKepejia, npocjiaBHBiijerocH cbohmh 
H ccjieAOBaHHJiMH 4)oc(})opecueHUHH. EeKKepejiH: OTeu, cmh h aca - acwjiH b AOMe 
(j)paHHy3CKoro ecTecTBOHcnuTaTe^H KfOBbe* npHHaA/ieacameM HauwoHajibHOMy 




YpoK 116. 3KcnepuMeHma/ibHbie Memodbi uccnedoaanufj vacmutt 345 


My3eio ecTecTBeHHOH hctophh. B 3tom aoMe AHpH h caejian cBoe BejiHKoe OT- 
KpbiTHe. MeMopHanbHafl aocKa Ha 4>aca&e rjiacHT: «B jia6opaTopHH npHKJiaaHOH 
4 >h3hkh AHpH EeKKepejib OTKpbiji paanoaKTHBHOCTb 1 MapTa 1896 ro,aa». 

AHTyaH EeKKepejib yqnjiCK b Jinuee, 3aTeM b HojiHTexHHHeCKOH MKOJie, no 
OKOHHaHHH KOTopoft pa6oTaji HHHceHepoM b MHCTHTyTe nyreH coo6meHHB. Ho 
BCKope ero nocTHrjTO rope: yMepjia ero MOJiOAaB aceHa, h mojioaoh BflOBeu c cu- 
hom )KaHOM, 6yziymHM neTBepTbiM <Jw3hkom EeKKepejieM, nepee3)tcaeT k OTpy b 
M y3ew ecTecTBeHHOH hctophh. CHaqajia oh paOoTaeT peneTHTopoM IlojiHTexHH- 
necKOH uiKOJibi, a c 1878 r., nocjre CMepTH aeaa, cTaHOBHTCB accncTeHTOM CBoero 
OTiia. 

B 1888 r. AHpH 3aiUHiuaeT aoKTopcicyio AHecepTauHio h Be.neT BMecTe c ot- 
Uom pa3HocTOpoHHioio HayHHyio pa6oTy. Hepe3 roa ero H36HpaioT b AxaaeMHio 
HayK. C 1892 r. oh cTaHOBHTc* npo(j)eccopOM HaijHOHajibHoro Myien ecTecTBeH- 

HOH HCTOPHH. 

OcHOBHbie paSoTbi nocBHiueHbi onTHKe (MarHHToonTHKa, <J)oc<})OpecLjeHUH«, 
HH<})paKpacHbie cneKTpbi) h paaHoaKTHBHOCTH. B 1896 r., H3yqaji aeHCTBne pa3- 
JTHHHblX JTIOMHHeCUHpyiOlUHX BemeCTB Ha fj)OTOnjiaCTHHKy, B HaCTHOCTH COJiefi 
ypaHa, OTKpbiji HeH3BecTHoe H3JiyqeHHe, npncymee caMOH ypaHOBoil cojth h hh- 
qero o6mee He HMeiomee c jnoMHHecuHpyiomHM H3JiyneHHeM. 3to BBJieHHe ca- 
MonpoH3BojibHoro H3JiyqeHHB coji«mh ypaHa jiyneH oco6oh npnpo;u»i 6buio Ha- 
3BBHO paAHOaKTHBHOCTblO. 

nponycKaa 6eTa-JiyHH qepe3 nepecexaiomHecfl 3jreicrpHqecKoe h MarHHTHbie 
nojT«, oh nepBbifi H3MepHJi OTHomeHHe 3apfl.ua k Macce 6eTa-nacTHu h ycTaHOBHji, 
mto oho Taxoro *:e nopfluxa, Kax h ajia nacTHU xaTOAHbix jiyqeii (1900 r.). 06Ha- 
pyxcHJi b 1901 r. (He3aBHCHMO ot n. Kiopn) <J)H3HOJiorHqecKoe uencTBHe pauno- 
aKTHBHoro H3JiyqeHH>r, a Taxxce cnocoOHocTb HOHH3HpoBaTb ra3. 

3a OTKpbiTHe BBJieHHfl ecTecTBeHHOH paAHoaxTHBHOCTH ypaHa EeKKepejib b 
1903 r. 6bui y^ocToeH Ho6ejieBcxoH npeMHH. 06jiaaaTejib Bcex 3HaxoB otjihhha 
napHxccKOH AxaaeMHH HayK, ^eH JIohaohckoto KopojieBCKoro o6mecTBa. Jle- 
tom 1908 r. axa^eMHA H36wpaeT ero HenpeMeHHbiM cexpeTapeM 4>H3HHecKoro 
OTAejieHH«. 

Yiuep AHTyaH AHpH EeKKepejib 25 aBrycTa 1908 r. 


YpoK 116. 3KcnepHMeHTajibHue iweTOAbi 

HCCJie^oeaHHH nacTHu 

IJejib: no3HaKOMHTb ynamHXCfl c 3KcnepnMeHTajii>HbiMH MeTo^aMH 

HCCJie,HOBaHHfl HaCTHU. 


Xon ypoKa 

I. OpraHH3ai|HOHHblH MOMeHT 

II. npoeepKa AOMauiHero 3 aaaiutp 

- B neM 3aKJiK>HaJiocb OTKpbiTHe, c^ejiaHHoe EeKKepejieM b 1 896 r.? 

- KaK CTaJIH Ha3bIBaTb CnOC 06 HOCTb aTOMOB HeKOTOpbIX XHMHHe- 
CKHX 3JieMeHTOB K CaMOnpOH3BOJIbHOMy H3Jiy HeHHIO? 
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- KaK 6BIJ1H Ha3BaHbI HaCTHHbl* BXOnJHHiHe B COCTaB pa^HOaKTHBHO- 
ro H3JiyHeHHfl? 

- O HeM CBH^eTeJILCTByeT ABJieHHe pa,HHOaKTHBHOCTH? 

- Hto npoHcxo^HT c pamieM b pe3yjibTaTe a-pacnana? 

- Kaxaa nacTt aTOMa - anpo hjih 3jieKTpoHHaa oOojioHKa - npeTep- 
neBaioT H3MeHeHHa npH pa^HoaKTHBHOM pacrrane? 

- 3anmiiHTe peaKUHio a-pacnana pa rhx h o6T>acHHTe, hto 03HanaeT 

KatfCHBIH CHMBOJI B 3TOH 3ailHCH. 

- Kax Ha3HBaioTCfl BepxHee h HiDKHee HHCJia, cToamne nep ejx 6yx- 
BeHHMM o6o3HaHeHHeM 3jieMeHTa? 

- HeMy paBHO MaccoBoe hhcjio? 

- Ha npHMepe peaKUHH a-pacnana panna o 6 T>acHHTe, b ne\f 3 aKJiio- 
MaioTCfl 3 aKOHM coxpaHeHHa 3 apana ( 3 apanoBoro HHCJia) h Macco- 
Boro HHCJia? 

- KaKOH BbiBon cjie^oBaji H3 OTKpbiTHa, c^ejiaHHoro Pe3ep<j>opnoM 
h Cojxan? 

- Hto TaKoe panHoaxTHBHocTb? 

III. H3y*ieHHe HOBoro MaTepnajia 

JSfls i H3yqeHH5i anepHbix aBneHHH 6 mjth pa3pa6oTaHbi MeTonw perw- 
CTpauHH 3JieMeHTapHwx nacTHu h H3JiyHeHHH. HaH6onee pacnpocTpa- 

HeHHblMH aBJIJIIOTCa MeTOflbl, OCHOBaHHBie Ha HOHH3yiOmeM H <j)OTOXH- 
MHHeCKOM neHCTBHH HaCTHU. 

CnuHmiuuimiUOHHbiu cnemnuK 

B 1903 t. y. Kpyne 3aMeTHJi, hto Gf-nacTHUbi, HcnycKaeMbie panno- 
aKTHBHbiM annapaTOM, nonanaa Ha noKpbrmH cepHHCTbiM uhhkom 3k- 
paH, BM3biBaioT CBeneHHe. Yctpohctbo 6bijio Hcnonb30BaHO 3. Pe3ep- 
(jjop^OM. CqHHTHJiu^uHH Tenepb HaOjito/jafOT h CHHTaiOT He BH3yanbHO, a 
C nOMOmblO CneqHaJIbHLIX yCTpOHCTB - CUHHTHJIJiaiJHOHHblX chcthhkob. 

rajopajpHdubiu cnenmuK reuzepa 

^encTBue ocHOBaHO Ha ynapHOH HomoauKH. 3apa>xeHHaa nacTHua, 
npojieTaiomaa b ra3e, OTpbiBaeT y aTOMa aneKTpoH h co3naeT hohbi h 
3jieKTpoHbL 3jieKTpHnecKoe nojie Me>Kny aHonoM h KaTonoM ycKopaeT 
ajieKTpoHbi no 3HeprHH, npH KOTOpOH HaHHHaeTca ynapHaa HOHH3aqHa. 

Hro6bi cneTHHK TeHrepa Mor peracTpHpoBaTb Hama^HO nonanaio- 
iqyio b Hero nacTHuy, Ha.no CBoeBpeMeHHO npeKpawrb jiaBHHHWH pa3- 
pan* BwcTpoe rameHHe pa3pana mo^kho nocranb npHMecaMH, no6aBjieH- 
HblMH K HHepTHOMy Ta3y. IIojlO)KHTeJIbHbie HOHbl ra3a, CTaJIKHBaaCb c 
MOJieKyjiaMH cnwpTa, peKOM6HHHpyK>T b HeihpajibHbie aTOMbi h TepaiOT 
cnoco6HOCTb Bbi6HBaTb H3 KaTona 3jieKTpOHbi (caMoracamneca chcthh- 
kh). B npyrnx cneTHHKax rameHHe pa3pana npotnBonaT, noq6Hpaa on- 
peneneHHoe Harpy30HHoe conpoTHBJieHHe c uenw cneTHHKa: 
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R = 10 3 Om. 

Tax, B03HHKaiomHH npH caMocrojrrejiBHOM pa3p*me npoxoA nepe3 
pe3HCTop, BH3biBaeT Ha HeM 6ojibiuoe n avenue HanpaaceHHa, hto npHBO- 
Aht k SbiCTpoMy yMeHbiueHHio Hanpa>KeHHfl Me>K^y aHOAOM h KaTOAOM: 
uaBHHHbiH pa3pflA npeKpamaeTCJi. 

Ha ajieKTpo^ax BOCCTaHaBJiHBaerca HanajibHoe HanpHJKeHwe, h cneT- 
hhk roTOB k perncTpaijH h cjieAyiomeH Macro ubi. CKOpocTb cnera paBHa 
10 4 nacTHu b ceKyH^y. 

KoMepa Bwibcona 

JleircTBHe KaMepbi BHJibcoHa ocHOBaHO Ha KOHAeHcanHH nepeHacu- 
meHHoro napa Ha HOHax c o 6 pa 30 BaHHeM Kanejib boaw. Ecjih b reoMeT- 
pH^ecKOM cocy^e c napaMH boau hjih cnHpTa nponcxo^HX pe3Koe pac- 
niHpeHHe ra3a (aAHaOaTHbm npouecc), TeMnepaiypa yObroaeT. H ecjiH b 
3tot MOMeHT nepe3 o 6 beM KaMepbi npojieraer 3apa)KeHHaji Hacrona, to 
Ha CBoeM nyTH ona co3^aer hohbi, Ha Koropux o6pa3yiOTCji xanejibKH 
cKOHaeHCHpoBaBiueroca napa. 

TaKHM o6pa30M, Hacraua ocraBJweT 3 a co6oh caca (Tpex) b BHAe no- 
jiockh TyMaHa. 3tot TpeK moxcho HaOjnoAaTb hjih c$oTorpa(J)HpoBaTb. 
no Tpeicy moacho onpeAeAMTb 3Hepn«o h cKOpocn. Hacronbi. Ecjih no- 
MecTHTb KaMepy b MarHHTHoe nojie, to no hckphbjichhio Tpexa mojkho 
onpe,nejiHTb 3hbk 3ap«Aa h ero 3Hepmio, a no tojuuhhc Tpexa - bcjihhh- 
Hy 3apjma h Maccy nacTHuu. 

IlyiwpbKoeaR tcaMepa 

B 1952 r. rjieH3epOM aaa perHCTpauHH 3ap«>KeHHbix nacmn, 
HMeiomHx BbicoKyio 3Hepnno, 6buia co3AaHa ny3bipbKOBa* xaMepa. 
npHHMHn fleHCTBHB e e ocHOBaH Ha tom, hto b neperpeTOM coctohhhh 
HHCT ax HomicocTb, HaxoA»cb iioa bucokhm abbjichhcm, He 3axHnaer npH 
TeMnepaType Bbime tohkh KHneHna. ny3brpbKOBaa xaMepa 3anojmeHa 
3KHAKHM BOAOPOAOM IIOA BMCOKHM ABBJieHHeM. npH pe3KOM yMeHbllie- 
hhh AaBJieHHB nepeBOAHT xoiAKOCTb b neperperoe coctoxhhc. 

Ecjih b 3to BpeMa b pa6oHHH o6beM KaMepbi nonaAaeT 3ap50KenmiB 
nacTHua, to oHa o6pa3yeT Ha cbocm nym b jkhakocth nenonicy hohob. B 
oGnacTH npojieTa Hacrnubi ^khakoctt* 3aKHiiaeT, BAOJib ee TpaeicropHH 
noxBJUHOTCJi MejiKHe ny3bipbKH napa, Koropue hbjuhotch TpexoM otoh 
H aCTHUbl. 

npeHMymecTBo nepeA KaMepofi BHJibcona: ny3bipbKOBaB xaMepa 
Moxcer perHcrpHpoBaTb nacTHUbi c Gojibinen OHepraefi, TaK xa k b rty- 
3bipbKOBOH KaMepe Gojibinax ruioTHocTb paSonero BemecTBa. KpOMe to- 
ro, no cpaBHeHHio c xaMepon BnjibcoHa, ny3bipbKOBax KaMepa o6jiaAaeT 
6bicTpoAeHCTBHeM. Pa6oHHH uhkji paBeH 0,1 c. 
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Memod moncmoaiouHbix <pomo3Mynbcuu 

3tot MeTOfl 6biJi pa3pa6oTaH b 1928 r. 4)H3nxaMH A. n. ^aaHOBbiM h 
JI. B. Mmcobcxhm, Ero cymHocTb 3axjnoHaeTCH b ncnonb30BaHHH cne- 
UHaJlbHblX (J)0T03MyjIbCHH AJIH perHCTpaiJHH 3apH>KeHHbIX HaCTHU. npo- 
jieTaioinafl cKB03b 4 >OT 03 MyjibCHio 6biCTpaa nacTHua AeHCTByeT Ha 3epHa 
6pOMHCToro cepe6pa h o6pa3yeT CKpbiToe H3o6paaceHHe. npH npoaBjie- 
hhh (JjOToiziiacTHHKH o6pa3yeTca Tpex. Ilocjie Hccjie^oBaHHa Tpexa oue- 
HHBaeTca 3HeprH5i w Macca 3apn>KeHHOH HacTHUU. 

ripeHMymecTBO MeTo^a: c ero noMombio nonynaioT HeHCHe3aioinHe 
co BpeMeHeM cneAbi nacTHH, KOTOpbie MoryT 6biTb TmaTejibHO H3yneHbi. 

Cero^HH iimpoKoe npHMeHeHHe HauuiH nojiynpoBOAHnxoBbie ;ieTex- 
TOpu, perHCTpHpyiomHe a /?-, y-H3JiyHeHH5i. 

IV. 3aKpenjieHHe MaTepwajia 

- Ha KaxoM npHHiiHne ocHOBaHo ^eHCTBHe ra30pa3pfl;moro chct- 
HHKa TeHrepa? 

- Kaxoro BH,aa H3JiyHeHHH perHCTpnpyeT chcthhk T ewrepa? 

- Kaxwe H3MeHeHHH MoryT np0H30 HTH b pa6oTe cneTHHxa, ecjiH pe- 
3HCTOP R 3aMeHHTb ApyrHM, HMeiOIUHM MeHbUiee COnpOTHBJie- 
Hwe? 

- KaxoH bha HMeeT TpaexTOpHH abh^kchhb 3JiexTpoHa b ny3bipbxo- 
boh xaMepe, noMemeHHOH b MarHHTHoe nojie? 

- Mohcho jih b xaMepe BHjibcOHa Ha6jiio,aaTb Tpexn 3apa>xeHHOH 
nacTHUbi co BpeMeHeM *ch3hh 1 CT 23 c? 

- Ha xaxoM npHHHHne ocHOBaHo .aeHCTBue ny 3 bipbKOBOH xaMepbi? 

V. HoABe ieime htotob ypOKa 

XloMaiiiHce 3a^aHHe 

n. 98. 

IIonpo6yHTe peniHTb cJie^yiomyio npaxTHHecxyFO 3a/iaHy: 
rto Tpy6onpoBo^y TeneT 6eH3HH, a BCJiefl 3a hhm - He(})Tb. Kax onpe- 
^ejiHTb MOMeHT, xor/ia nepe3 flamioe ceneHne Tpy6onpoBo^a npoxo^HT 
rpaHHua pa3^ejia 6eH3HHa h He(J)TH? (npo6y 6paTb Henb3H, ho y Bac ecTb 
cneTHHx TeHrepa h pajiHoaxTHBHUH npenapaT.) 


ypoK 117. JIa6opaTopHan pa6oTa 
no TeMe: «H 3 yHemie TpeKOM 3apHH<enHbix nacTHU» 

Lfenu: npoBecTH HaeHTHcJjHxaijHK) 3apjnxeHHOH nacTHijbi no pe3yjib- 
TaTaM cpaBHeHwa ee Tpexa c TpexoM npoTOHa b xaMepe BHJibCOHa, no- 
MemeHHOH b MarHHTHoe none. 

Odopydoeanue: Heo6xo/jHMbie cpe^CTBa H3MepeHHfl. 
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Xoa ypoKa 


PaGoTa npOBH^HTca c totoboh 4 )OTorpa<{)HeH TpeKOB AByx 3 apa>KeH- 
Hbix nacTHi;. Tpex I npHHa^nexcHT npoTOHy, ipex II - nacTHae, KOTOpyio 
Ha^o H^eHTH(j)HUHpoBaTb. Jl hhhh HH^yiojHH MarHHTHoro nona nepneH- 
AHKyjiapHbi nnocKOCTH ({joTorpac^HH. HanajibHbie ckopocth oGenx nac- 
thlj o^HHaKOBbi h nepneHAHKyjiflpHbi Kpaio 4 >OTorpa 4 >HH. 

PlaeHTH(})HKaUH5I HeH3BCCTHOH HaCTHIJbl OCymeCTBJTJieTCB nyTeM 


q 

cpaBHeHM« ee y^ejitHoro 3 apjiAa — c yAejibHMM 3 ap«AOM npoTOHa. 3 to 

m 

MO)KHO CflejiaTb, H 3 MepHB H CpaBHHB pa^HyCbl TpeKOB HaCTHU Ha Ha- 
najibHtix ynacTKax TpeKOB* JJeHCTBHTeJibHO, jxjm 3 ap 5 DKeHHOH nacTHubi, 
ABHacymewcfl nepneHAHKyjiapHO Beicropy HH^yKUHH MarHHTHoro nojifl, 
mohcho 3 anHcaTb: 


qBv - 


mu 


q u 
hjih — = ■ — 
m BR 


M 3 3 TOH (J)OpMyJlbI BH^HO, HTO OTHOUieHHe yACJIbHblX 3 ap 5 IAOB HaCTHU 
paBHO oGpaTHOMy OTHomeHHio pa^wycoB hx TpaeKTopHH. 

Pa^nyc KpHBH 3 Hbi Tpexa nacTHUbi (cm. pHC. 103) onpeAeJunoT cue- 
ayiomHM o 6 pa 30 M. 



Puc. 103 


HaKJiaAbiBaiOT Ha <})OTorpa<i)HK> jihct np03paHHOH GyMarn h nepeBO- 
jx ht Ha Hee Tpex (3 to Hy)KHO AejiaTb ocTOpoacHO, htoGm He noBpe^HTb 
<J)OTorpa4)Hio). 

BunepHHBaiOT, ksk noKa3aHo Ha pncyHKe, A»e xopAbi h BbicTaBJia- 
K)T k 3 thm xopAaM b hx cepeAHHax nepneHAHKyjiapbi. Ha nepeceneHHH 
nepneHAHKyjuipoB jjokht aeHTp oKpy>KHOCTH; ee pa^nyc H3MepBK>T 
JIHHeHKOH. 


IIoAroTOBKa k npoBeaciiHHj paGoTbi 

1 . IloAroTOBHTb GjiaHK oTneTa c TaGjiHueu juw 3 anHCH pe 3 yjibTaxoB 
H 3 MepeHHH H BbIHHCJieHHH. 

2 . riepeHecTH Ha KaJibKy TpeKH qacTHH, c <j)OTorpa<j>HH. 
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ripOBC^CHHC IKCnepHMCHTa, 
o6pa6oTKa pe3yjibTaTOB HiMepeHHH 

1 . H3MepHTh pa^wycbl KpHBH3HbI TpeKOB HaCTHU, CKOriHpOBaHHhlX Ha 
Kajibicy, Ha hx HanajibHbix ynacncax. 

2 . CpaBHHTb yaejibHbie 3apJWbi HeH3BecTHOH nacTHubi h npoTOHa. 
H,aeHTH(J)HUHpoBaTb nacTHuy no pe3yjibTaTaM H3MepeHHH. 

KouTpojibHbie eonpocbi 

1. Kax HanpaejieH Bexrop MarH union HHnyicuKH OTHOCHTejibHO iuioc- 
KOCTH (j)OTOrpa(J)HH TpeKOB HaCTHU? 

2 . rioneMy pa^wycbi KpHBH3Hbi Ha pa3Hux ynacTxax Tpexa oahoh h 
TOH 5Ke HaCTHUbl pa3JIHHHbI? 


ypoK 118. Crpoemie aTOMHoro swpa 

Lfejit: no3HaKOMHTb ynamHxca co CTpoeHHeM aTOMHoro *wpa. 

Xojx ypoKa 

I. OpraHH3ai|H0HHb]H MOMeHT 

IL npoeepKa AOMainHero 3a.ua hhh. IIoBTopeHHe 

- PaccKaxorre 06 ycrpoHCTBe h npHHUHne ^chctbhji cnemHKa TeH- 
repa. 

- pei HCTpauHH xaKHx nacTHU npHMeHaerca cneTHHK Teiirepa? 

- PaccKcwarre 06 ycTpoHcrse h npHHiuine aeiicTBiw KaMepbi Bwjib- 
coHa. 

- Kaxwe xapaicrepHCTHKH nacnm mohcho onpe^ejiHTb c noMombio 
KaMepbi BHJibcoHa, noMemeinion b Manumioe none? 

- B neM npeHMymecTBO ny3bipbKOBOH KaMepbi nepeji xaMepow 
BHJibcoHa? Hcm OTJiHHaioTca 3 th npn6opbi? 

III. H3yneHHe hoboio MaTepHajia 

B 1911 r. b pe3yjibTaTe npOBeAeHHbix Pe3ep(j>op,aoM HccjiejjoBaHH h 
no pacceHBaHHio a-nacnm npH npoxoayxeHHH nepe3 BemecTBo, 6biJi 
OTKpbiT npoTOK (jwpo aTOMa BOAopo^a), KoropbiH o6jiaaae'r nojioaoi- 
TejibHbiM 3jieKTpHHecKHM 3ap*woM, paBHbiM Mo,nyjno 3ap*wa 3JieKTpOHa. 

3apnji HApa aTOMa 

Ahtjihhckhh (|)H3hk T. M 03 HH b 1913 r. npe,acKa3aji, hto 3apjm Hflpa 
aTOMa q* > Z e , r^e e - 3JieMeirrapHbiH 3JieKTpHHecKHH 3apjw; Z - nopjm- 
kobuh HOMep 3JieMeHTa b Ta6jiHue MeH^eneeBa, onpe^ejiaer hhcjio 

3JieKTpOHOB B BTOMC. XHMHHCCKHe CBOHCTBa 3aBHC»T TOJIbKO OT 3apH^O- 
boto HHCJia. 
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HeMeuKHe yneHbie B. EoTe h T. Eexxep, mynax peaxunn, npoxo^B- 
mne npw oGnyneHHH OepHJuiHB tf-nacTHijaMH (1930 r.), o6Hapy>KHjiH 
HOBoe H3;iyHeHHe, o6najiaiomee oneHb Sojiliiioh npoHHxaiomeH cnoco6- 
HOCTbK). 

B 1932 r. aHmHHCKHH (})H3 hx ,H,>x. ^abhh Bti^BHHyji THnoTe3y: 6e- 
pHjuiHeBbie Jiynn coctobt h 3 HeHTpajibHbix nacTHij, Macca KOTOpbix 
6jiH3Ka k Macce npoTOHa. Hx Ha3BanH HeHTpOHaMH. flajibHeniiiHe wccjie- 
jjOBaHHB noKa3ajiH, hto HeHTpOH - HecTa6njibHa5i nacTHija: cboSo^hwh 
H eHTpoH 3a BpeMB 15 mhh. pacna^aeTCB Ha npoTOH, ojiexrpoH h HeiiTpH- 
HO-nacTHuy, jiHiueHHyio Maccbi noxoB. Macca HeihpoHa m n = 1838,6 
3JiexTpoHHbix Macc, Macca npoTOHa - m p = 1836,1 3JiexTpoHHbix Macc, 
m n Sojibine m p npH6jiH3HTejibH0 Ha 2,5 Maccw 3JiexTpoHa. Flocjie OTxpbi- 

thb HeHTpoHa In <})H3hkh J\. HBaHeHxo h B. T. reH3eH6epr bwabh- 
HyjiH rnnoxe3y o npoTOHHo-HeHTpoHHOM CTpoeHHH fl^pa. Flo otoh rnno- 
Te3e HHCJIO npOTOHOB B Bflpe Z, HHCJIO HeHTpOHOB N, MaCCOBOe HHCJIO - 
3 to cyMMapHoe hhcjio HyxjioHOB b njjpe -A: 

A = Z + N , Z p =Z e . 


J_ 0,012 K2 

12 ’ 6,022 -lO 23 


= 1,66058- 1 O' 27 


KZ . 


If30TOnbI 

B 191 1 r. d>. Co^h npe^nojio>KHjT, hto Bjipa c ojjHHaxoBbiM hhcjiom 

npOTOHOB, HO pa3J!HHHbIM HHCJIO M HeHTpOHOB, BBJIBIOTCB B^paMH OJJHOrO 
h xoro )xe xHMHHecxoro ajieMeHTa. Taxwe ajjpa oh Ha3Baji H30TonaMH. 
H30TOTTBI HMeiOT O^HHaKOBbie XHMHHeCKHe CBOHCTBa, HTO oSyCJIOBJieHO 
MaccoH. EnecTBU^ee nojjTBepJXAeHHe - (J)H3hhcckhh npnSop Macc- 
cnexrpoMeTp. 

HanpHMep, H30Tonbi ypaHa: 2 9 3 2 5 U , 2 g*U ; 

H30Tonu Bo^opo^a: \H , \H , ]H . 

IV« 3aKpenJieHHe myneiiHoro MaTepHajia 

- Kax HHane Ha3biBaeTca h xaxHM chmbojiom o6o3HanaeTCB ajjpo 
aTOMa Bojjopojja? 

- KaxoBbi ero Macca h 3apa,n? 

- Korjja BirepBbie 6bijio BbiflBHHyTO npejjnoJioaceHHe o cymecTBo- 
BaHHH OJieKTpHHeCKH HeHTpajibHbix HaCTHH, C MaCCOH npH6jlH3H- 
TejibHO paBHOH Macce npoTOHa? 

- Kto h xoraa nepBbiii £Oxa3aji, hto SepnjuiHeBoe H3JiyneHHe npea- 
CTaBJlBeT C 060 H nOTOK HeHTpOHOB? 

- Kax 6 buio jioxa3aHO OTcyTCTBHe ojiexTpHHecxoro 3apajja y Heii- 
TpoHOB? Kax oh o6o3HaHaeTCB? 
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V. PeiueHHe 3a,na*i 

1 < ^apOM Kaxoro oneMeHTa JiBJiaeTca npoxoH? 

2. Ckojibko npoaeHTOB cocTaBnaeT pa3HOCTt b Maccax noxoa npoTo- 
Ha h HeftTpoHa no othouichhio k Macce noxoa npOTOHa? 

3 . Ckojibko HyiaioHOB co^epacaT jmpa nmm , Me ah 29 1 Cm , cepe6- 

pa '™Ag , CBHHua “j Pb ? 

4. OnpeA&jiHTe hvkjiohobhh cocTaB a,nep rejiHH Vie , KHCJiopo,na 

'sQ , cejieHa 3 ”&> , pry™ ™Hg , paawi ™Ra , ypaHa 2 %U . 

5. .JJojih xaKHx HyKJioHOB b jmpax ojieMeHTOB B03pacTaeT c yBeanne- 
HHeM aapaAOBoro nncna? 

6. Ha30BHTe xhmhhcckhh oneMeHT, b btomhom aApe KOToporo co- 
AepacaTca HyKJionti: 

a) 7p + 7n; 

6) 18p + 22n; 

b) 33p + 42n; 

r) 84p + 126n. 

^OMaumee 3aAaHiie 

§ 105, ynp. 

P - 1172; P- 1173. 

^onojiHHTejibHbiii MaTepuaji 

LQeji 1910 roA. To 6 mao BpeMa HenpeptiBHoro H3y Hernia ajib^a-jiyneH. 3 kc- 
nepHMeHTbi Pe3ep<f>opAa, HanaTbie eme b KanaAe bcaca 3a OTicpbiTHeM 3aKOHOB 
paAHoaicTHBHOCTH, no3BOAHAH ycTaHOBHTb npHpoAy aJib(()a-ayHeH. OxaaaAOCb, 
hto 3to ABaacAw noHH3HpoBaHHbie aTOMbi reawa (roaue aApa 6e3 aaeicTpoHHbix 
oSoaohck), BWAeTatomne npH paAnoaicTHBHOM pacnaAe c KoaoccajibHoft cxopo- 
CTbio 10000 km/c, nocKOJibicy OTHocHTeAbHaa aTOMHaa Macca anb^a-nacTHn paB- 
Ha 4, a 3apaA +2, ohh, Rax TaaceAbie CHapaAbi, npoHHKafOT b TOAmy BemecTBa h 
M oryT xoe-HTO «paccxa3aTb» 06 ycTpoiicTBe MaTepnn. 

Pe3ep4)opAa yAHBARAO, hto aAb^a-nacTHuw, npOHH3biaaa mhuichh (o6whho 
AHCTKH MeTaAAHHeCKOH <j>OAbrn), OTKAOHAAHCb Ha CaMblC pa3Hbie yrAbl. OneBHA- 
ho, BHyTpn BemecTBa AencTByioT MomHbie 3AeKTpHnecKHe noAa: Beat TOAbxo 
ohh Moiyr HCKpHBAaTb TpaefcropHH MaccHBHbrx 3apaaceHHbrx Haora q. 

H bot b 1909 r. HacTynHA tot 3 hmhhh AeHb, xorAa MapcAeH (moaoaoh co- 
TpyAHHK Pe3ep(()opAa no HCCAeAOBaHHaM) ocTaHOBHA Ha yHHBepcHTeTCKoii AecT- 
HHqe Pe3ep<jjopAa h cobccm GyAHHHHO npOH3Hec: «Bbi 6 mah npaBbi, npocjieccop: 
ohh B03Bpamai0Tca...». 

«Ohh» B03BpamaAHCb peAfto: b cpeAHeM oAHa aAb^a-nacrHiia H3 BOCbMH Tbi- 
can. OTpaaceHHe ot mhuichh 03HanaAO, hto aAb<|)a-HacTHua BCTpeTHAa Ha CBoeM 
nyrn AocToimyio nperpaAy - MaccHBHyio h noAoacHTeAbHO 3apaaceHHyio, TOAbxo 
Taxaa MoaceT c chaoh oTTOAKHyTb ot ce6a npHAeTeBiuyio rocTbio. PeAKocTb co- 
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6hthh roBOpwjia o KpaHHe Majibix pa3Mepax nperpa^bi. H noTOMy HeMHorwe 
aJib(J)a-HacTHUbi nonaaaioT b cepAueBHHy. 

nocjie 3Toro co6biTHH, Pe3ep<})opA, «3a6biB ocTaHOBHTbca», npe^cTaBHJi b 
ceoeM Boo6paxceHHH rr/iaHeTapHbiH aTOM: Boxpyr noaoHCHTeAbHO 3ap»)KeHHoro 
«Apa, Kax TmaHeTbi BOKpyr CojiHua, BpamaioTC* oTpHuaTeabHo aapjoxeHHbie 
3JieKTpOHbI, 

C OCMOTpHTeJlbHOH TOHHOCTbfO CKa3aJl TOr^a Pe3ep(J)OpA, MTO 3HaeT TOJlbKO 
xax BbirjiBAHT aTOM, a He Kax oh ycrpoeH. TTo 3axoHaM KJiaccHHecKOH 4 >h3hkh, 
atoM He mot HMerb noAoSHoro cTpoeHHa: Bpamaacb Boxpyr HApa, 3JiexTpoHbi 
AOJhkhu H3JiyHaTb, a 3H34HT, TepjiTh 3Heprnio h HeH36e)KHO na^aTb Ha aApo. B 
o6meM, Pe3ep4>opA ysHAea o6peHeHHbm aTOM. 

CnaceHHe npHimio b 1913 r, B MaHHecTepe fiohbhjicji 28-acthhh AaTnaHHH 
HHAbC Bop - THXHH TeopeTHK H ACp 3 KHH MblCAHTejIb. Oh npHHeC C C 060 H TO 
HeAOCTaiomee HOBoe - hash TeopHH KBaHTOB. njraHeTapHbiH aTOM - AeTHme 
6e3yMHoro 3 KcnepHMeHra h Moryveft unrymiHH - naBcerjxa yreepAHjica Ha 

KBaHTOBOM OCHOBAHHH, 


ypoK 119. IIpaBHjio civieuieHHfl 

IJejib: HayHHTb peuiaTb 3auaHH no TeMe «CrpoeHHe aTOMHoro «Apa»; 

c<J)OpMyAHpoBaTb npaBHAO cMemeHHB. 

Xoa ypoKa 

L OpraHH3aUHOHHblH MOMCHT 

II. IlpoeepKa AOMaumero 3ajiaHHH. IloBTOpeHHe 

- Kaic Ha3MBaioTCH npoTOHw h HeHTpOHM BMecTe? 

- Kax Ha3biBaeTca h xaxow 6yxBOH 0003HaHaeTCfl hhcao npOTOHOB b 
* wpe? 

- T^e CTaBHTca 3apflAOBoe hhcao no othouichhio k CHMBOJiy sAeMenra? 

- Kax b o6meM BH^e o6o3HanaTb a^po Aio6oro XHMHHecxoro 3Ae- 
MeHTa? 

- KaxoH 6yKBofi o6o3HaHaeTcsi hhcao hchtpohob b »Ape? 

- Kax b o6meM Bime npHHHTo o6o3HanaTb a,Apo Aio6oro xhmhhccko- 
ro 3AeMeHTa? 

- Kaxon 4>opMyAOH cBjnaHbi MeacAy co6oh MaccoBoe hhcao, 3apaao- 
BOe HHCAO H HHCAO HCHTpOHOB AApB? 

- Kaxon cocTaB H30xona HeoHa ™Ne , ^Ne , **Ne ? 

- M3MeHHeTCA AH MaCCOBOe HHCAO, Macca H nop«AKOBbIH HOMep 3Ae- 
MeHTa npH HCnycxaHHH hapom y-xBaHTa? (Z h M He mchaiotca, 
Macca H3MeHACTCA Ha Maccy y-KBaHTa.) 


12 B. A. Bojtkob 
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III. H3y4eHne Hoeoro MaTepnajia 

Ajib<J>a-pacnaji 

npeBpameHHe aroMHbix aaep, conpoBO>jmaeMoe HcnycKaHHeM a- 
nacTHij, Ha3bmaeTCfl am^a-pacnanoM. 

HaH 6 onee ycTOHHHBbiM H 3 Bcex o 6 pa 30 BaHHH BHyTpn aapa xBJiaeTCfl 

o6pa30BaHHe jib yx npOTOHOB \p u ^syx HeihpOHOB 0 l « . Ec/ih npH pac- 
npeAejieHHH aHeprHH Me^y HacTHijaMH jwpa 3 to o6pa30BaHHe 6y,zjeT 
oGaa^aTb aHepraew Sojibiuefi, hcm 3Hepnw cbh3h, to oho noKHHeT a,apo 
b BHjje a-nacTHubi. 

Ecjih ~ waTepHajibHoe smpo, to npeBpameHHe ototo smpa npH a- 

pacna^e npoHcxo^HT no ciie^yfomew cxeMe: 

A X -> a 2 \Y + * a +hv , 

r^e A Z ~_\Y - chmboji AonepHero a^pa; 

2 a - azjpo aTOMa rejiHsi \ He ; 

hv — KBaHT 3HeprHH, HcnycKaeMOH aapoM. 

HanpHMep, 2 88 Ra ™Rn+ ^ e ~ T * e * npoHcxo/mT nepeMemeHHe 
xHMHHecKoro 3JieMeHTa Ha /me KJieTKH bjicbo. 

Eera-pacnaa 

PaaHoaKTHBHbie a/jpa MoryT BbiSpacbiBaTb noTOK 3JieiapoHOB, koto- 
pbie po>iaiaK)TCfl corjiacHo rnnoTe3e OepMH b pe3yjibTaTe npeBpameHHfl 
HeHTpOHOB b npOTOHbi b cootbctctbhh c npaBHJioM cMemeHHx: 

ix-* 

t. e. MaccoBoe hhcjio x/jpa He H3MeH«eTCH. 

TaKHM o6pa30M, npH 6eTa-pacna/je xhmhhcckhh ajieMeHT nepeMema- 
eTCfl Ha o^Hy KJiency BnpaBo b nepHoannecKOH cHcreMe MeHaeJieeBa h, 
KpoMe oneFcrpoHOB, HcnycKaeTca ajieMeHTapHaa Hacroua - aHTHHeinpoH D . 
HanpHMep: 2 6 7 °G? -> 2 6 8 °Att + _®e + U . 

IV. 3aKpenjieHne myHeHHoro MaTepnajia 

- C(()opMyjiHpyHTe h 3anniUHTe npaBHjia cMemeHHa jjjih ajib(J)a- 
pacna^a. 

- C(f)opMynHpyHTe h 3anHiiiHTe npaBHJio CMemeHHa jjjin 6 eTa- 

pacna/ja. 

- KaKHe ajieMeHTapHbie HacTHijbi HcnycKaiOTca npH ajib<j)a- h 6 eTa- 

pacna/iax? 

- KaKHe H3 H3BeCTHUX BaM 3aKOHOB COXpaHeHHa BbinOJIHJIIOTCH npH 
paanoaKTHBHbix npeBpameHnax? 
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V. PeiueHHt* 3a^an 

1. IlpoTaKTHHHH ^Pa a-paAHoaKTHBeH. Onpe^ejjHTe, kakoh 3Jie- 
MeHT nojiywrcji c noMomuo sroro pacna^a, 

Petuenue: 

*\Pa -> \He+ \X ; 

Z = 91 — 2 = 89 , = 231 -4 = 227. 

(Omeem: 3to aKTHBHWH ^Ac .) 

2. B KaKOH 3iieMeHT npeBpamaeTca nocjie AByx /?-pacnaAOB h 
oAHoro a-pacnaaa? 

(Omeem: b H3oTon ypaHa 2 <£U .) 

3. ^apo H30Tona BHCMyra ™Bi nojiynwaocb H3 ^pyroro a/ipa nocjie 
oaHoro a-pacna^a h oahoio ^-pacna^a. Hto 3to 3a aapo? 

(Omeem: b H3oron nojiOHna 2 ™P 0 .) 


/(oiviatijiiee lajiaHne 

§101. 

P- 1165 ; P- 1167 . 

^onojiHHTejibHuii MaTepHaji 

IJbep Ktopu u MapuH Ctaiodoeciaui-Ktopu 

llbcp KiopH (1859-1906). Poahjich b ceMbe Bpana. nepBOHanaJibHoe o6pa3t>- 
BaHHe nojiyHMJi AOMa, a b 16 JieT cTaji cryACHTOM Cop6ohhw. Tlocjie npHcyacAe- 
hhh eMy b 1 877 r. MaracTepcicoH creneHH oh 22 roAa npenoAasaji b uiKOJie. Ilbep 
KiopH bhcc 3HaHHTejibHWH BJOiaA b paajiHHHue oOjiacTH 4 >h3hkh. BMecre c 6pa- 
tom )KaKOM Ilbep Kiopn orKpuji npsiMOH nbe303JieicrpHHecKHH acJx^eKT (1980 r.) 
Taioice ohh oTKpbuiH oOpaTHuft nbe303JieKTpH4ecKHH 34><j>eiCT. JKax w Ilbep Kk>- 
pH CKOHCTpyHpOBaJIH nepBblH nbe303JieiCTpHHeCKHH ASTMUK AJ1B H3MepeHHB Ma- 
AblX 3AeKTpHHeCKHX 3apBAOB H CJiaOblX TOKOB. 

Ilbep KiopH pa3pa6oran Teopmo o6pa30BaHH« KpH<rrajuioB, c4>opMyj]HpoBaj] 
o6iuHfi npHHUHn hx pocra, bbcjt noHHTHe noBepxHocTHofi 3HeprHH xpHCTajum- 
MecKHx rpaHew (1884-1885). IfaywaJi CHMMeTpHio KpwcTajuioB, oh BHABHHyji 
npHHijHn, Ha3BaHHb!H ero HMeHeM, KOTopUH no3BOJiaeT ycraHaB^HBarb chmmct- 
pHFO KpHCTaAAa, HaXOABlUerOCJI BOA BHeillHHM B03ACHCTBHeM. 

n. KiopH HCCJieAOBaji bjihhhhc TeMnepaTypu Ha MarHHTHbie CBOHCTBa Teji. B 
1895 r. oh o6Hapy)KHJi, hto y AHaMarHeTHKOB MarHHTHa* BocnpHHMHHBOCTb He 
3aBHCHT ot TeMnepaTypu, a y napaMarHeTHKOB - o6paTHO nponopuHOHajibHa efi 
(33KOH KfOpw). 

1895 r. 03HaMeHOBajic» OTKpbiTHeM TeMnepaTypu, Bbiuie kotopoh TepBiOT 
CBOH CBOHCTBa H CKaHKOo6pa3HO H3MCHJHOTCJI APyrwe CBOHCTB3 xce.ne3a. 


12 * 
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MapHJi CxAOAOBcxas-Ktopn (1867-1934). OHa noaBnnacb Ha CBer b ynn- 
TejibCKOH ceMbe b BapiuaBe (KoponeBGTBO IloJibCKoe b to BpeMH bxoahao b Poc- 
cnncxyto HMnepHio). MapHJi npeKpacHoe ycneBana b mxone, ho Bbicmee o6pa30- 
BaHHe jsjw xceHmnH b Pocchh ror^a SbiAO HecSbiTOHHOH mchtoh, h Mapna 8 Jiex 
pa6oTajia ryBepHaHTxon, oTcwnaji iiohth Bee 3apa6oraHHue AeHbrH ceCTpe Bpo- 
HHCJiaBe b IlapHJK, me ra H3ynajia MeAnunHy. B 1891 r. cecxpa nojryHHjia ah- 
nAOM h Bbimjia 3 aMy)K. B tom ace roAy Mapnji oTnpaBHJiacb k Hen napnac h no- 
CTynHJia b CopSoHHy. B 1893 r. OHa 3aH«jia nepBoe MecTO Ha HToroBbix 3X3aMe- 
Hax no 4)H3HKe» a 1894 r. - BTopoe Mecxo Ha 3K3aMeHax no MaTeMaTnxe. 

3HaMeHaTenbHan BCTpena Flbepa Ktopn h Mapnn Ckaoaobcxoh npoH3omjia b 
1894 r., a 24 hhdjib 1895 r. ohh BCTynnJiH b Spate. 

Cpa3y nocjre OTxpbiTHji BeKKepejieM paAHoaxTHBHocTH (1896 r.) cynpyrw 
KtopH HanajiH njraHOMepHOe Hccjie^OBaHHe paAnoaxTHBHbtx MaTepnajtOB, npoBO- 
jvi 3KcnepHMeHTbi SyxBaAbHO b capae. HecKOJibKo jieT Mapnn KtopH 3a pa6oTy 
He njiaTHjiH, h TOJibKo b 1904 r., xorAa Flbep KtopH CTaji npotJteccopOM <})H3hxh b 
CopSoHHC, ee B3JIAH Ha AOA5KHOCTb aCCHCTeHTKH. B AeHCTBHTeAbHOCTH >xe co- 
BMecTHaa paSoTa cynpyrOB SbiAa cOTpyAHnneCTBOM paBHbtx. FlepeMbiB tohhw 
ypaHOBOH pyflbi, ohh cyMejtH Bbt/tejiHTb H3 Hee hobwh sacmcht - nonoHnn (Ha- 
3BaHHbIH B HeCTb FIOAOHHH - JiaTHHH3HpOBaHHOrO Ha3BaHHJI FIOAbllJH, pO^HHbl 
Mapnn), a H3 ypaHOBOH cmoaxh - paAnn (ot JiaT. «radio» - nenyexato Jiynn). 

B 1903 r. MapHJi CxAOAOBCKaji-Ktopn cTajra nepBon xceHmnHon, yAOCToeH- 
HOH BO OpaHUHH AOXTOpCXOH cTeneHH. 

Flocjie nojiyneHHJi HoSeneBcxon npeMHH cynpyraMH Ktopn, Elbepa b 
C opSoHHe SbiJta ynpexeAeHa xatJteApa <})H3hxh h AaSopaTopnji (1904 r.), no35xe 
npeo6pa30BaHHa« b PaAneBbin HHCTHTyx. KtopH nacTO SoAen. FIo-BHAHMOMy, 
cKa3biBajracb paSoTa c paAnoaxTHBHbiMn MaTepnanaMH. Ot noxceATeBiunx ahct- 
kob H3 AaSopaTopHbtx aeypHaAOB cynpyroB KtopH h noHbtHe hcxoaht cnAbHoe 
paAHoaKTHBHoe H3AyneHne, onacHoe aa* 3AopoBbJi. 

Flbep KtopH norn6 b pe3yAbTaTe HecHacTHoro CAynaa: 19 anpeAJi 1906 r. oh 
nepexoAHA ynnuy, nocxoAb3HyACJi h nonaA noA npoe3acaBiiiHH mhmo 3xnna>x. 

Ha pyxax MapHH Ktopn ocTaAncb Ase Aonepn: Hpen h EBa. 

KatJteApa <J)H3 hkh b CopSoHHe, ynpeACACHHas aaji Elbepa, nepeniAa k Mapnn. 
B 1910 r. moaam Ktopn onySAnxoBaAa 4)yHAaMeHTaAbHyto xHnry o paAnoatcrnB- 
hocth, a nepe3 neTbipe roAa B03rAaBHAa JlaSopaTopnto paAnoaxTHBHOCTH b 
TOA bKO HTO OTKpblTOM PaAHCBOM MHCTHTyTe (FlapHAe). Bo BpeMA IlepBOH MHpO- 
boh BOHHbi Ha naCTHbie noxcepTBOBaHHA Mapnn oSopyAOBaAH nepeABnacHbie 
rocnnTaAH peHTreHOBCKHMH ycTaHOBxaMn h OHa B03iviaBHAa paAnoAornnecxyto 
cAyxeSy 06mecTBa KpacHoro KpecTa. 

riOCAe OKOHHaHHA BOHHbi MapHJi BblCTynaAa B pa3HbIX CTpaHax C AeKUHAMH 
no npoSneMaM Hayxn. EAaroAapji ee ycnAHJiM b PaAneBOM HHCTHxyTe yAaAocb 
coSpaTb SoAbinoH 3anac paAnoaKTHBHbix MaTepHaAOB aaa nccAeAOBaTeA bcxnx 
uenen (ao C03AaHna nepBbix ycxopnTeAen). Hmchho 3th MaTepnanbi b HeMaAon 
CTeneHH cnocoScTBOBaAn OTXpbiTHto HpeH h OpeAepnxoM }KoAno-Ktopn nexyc- 
CTBeHHOH paAHOaXTHBHOCTH. 

B necTb cynpyroB Ktopn Ha3BaHbi: BHecncTeMHajr eAHHnna H3MepeHHJt ax- 
THBHOCTH H30TOnOB - XIOpH (Kh) H XHMHHCCXHH 3ACMCHT C aTOMHbIM HOMepOM 
96 - Cm (xtopnn), a b necTb poAKHbi Mapnn - IloAOHnn 84-n sneMeHT. 




YpoK 120. fldepHbie cunu, ftdepHbie peanuuu. Snepaua ceft3u... 


357 


YpoK 120. fl^epHwe chjibj, H^epHbie peaKUHH. 
3HeprHn cbh 3H. JJecJ)eKT Macc 

Lfejit: no3HaKOMHTb ynamHxcH c noHaraeM aaepHOH peaiojHH, ae- 
<J)eKTa Macc, aHepraeft cb$i3h. 


Xoa ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II. IIpoaepKa aoMauiHero 3ajamin. IIoBTOpeHHe 

- ^to npoHexo^HT c K^pOM pa^HoaKTHBHoro ajieMeHTa npw ct-pac- 
najje? 

- IIpHBeAHTe npHMep peaKUHH a-pacna^a. 

- Kax HHTaeTca npaBHJio CMemeHHs jyifl or-pacnaaa? 

- Hto npoHCxoxjHT b a^pe aTOMa, npeTepneBiuero /2-pacnan? Kaxwe 
nacTHUbi npw 3 tom H 3JiynaK)Tca? Hto npoHCxojjHT c 3apaaoM *mpa 
h noneMy? 

- C([)opMyjiHpyHTe npaBHJio cMemeHna ajih p-pacnajxa. 

- M3MeHHTCJi jih MaccoBoe hhcjio a^pa npH /2-pacnajje? rioneMy? 

- KaKHM bh,hom H 3jiyHeHHa Macro conpoBoacziaeTCJi a- h / 2-pacnan? 

III. npOBe^eHHe cBMocroaTejtbHoii padoTbi 

Bapuanm I 

1 . KaKOH 3apaa hmciot a-nacTHna, /J-nacTHija? 

a) a-nacTHua - OTpHuaTejibHbiH; ^-nacTHna - nojioacHTejibHbm; 

6) a - h /3 -h acTHiibi - nojio>KHTejibHbiH; 

b) «-nacTHua - nojio>KHTejibHbiH, y^-nacTHua - oTpHuaTe jibHbiii . 

2. a-H3JiyneHHe - 3 to: 

a) noTOK ajieKTpoHOB; 

6) noTOK ajiep aTOMOB rejina; 

b) H 3JiyneHHe KBaHTOBOH 3HeprHH. 

3. Katcwe nacTHiibi H3JiyHaiOTCtf npH yKa3aHHOM npouecce pacna^a? 

-> +X . 

а) aapo rejina; 

б) 3jieicrpoH; 

B) JWpO reJIHH H 3JieKTpOH, 

4. Tot cJ>aKT, mto npn paxifoaicTHBUbix npeBpawemvix H3 aTOMOB oji- 
hhx BemecTB o6pa3yioTCH aTOMbi apyrnx BemecTB, ABJiaeTca zioKaaa- 
TejiscTBOM Toro, hto pajpioaKTHBHbie npeBpameHHH npeTepneBaiOT: 

a) xjx pa aTOMOB; 

6) 3jieicrpoHHbie o 6 ojiohkh; 

b) KpHCTaJLJIbl. 
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5. B pe3yjii»TaTe ^-pacna/ia hobbih 3JieMeHT 33 hjiji Mecro b TaOjiHije 
MeH^ejieeBa: 

a) Ha A»e kjictkh npaeee; 

6) Ha flBe icneTKH nesee; 

b) Ha OAHy KJiency npaBee; 
r) Ha OAHy miency JieBee. 

Bapuaum II 

1. KaKOH 3ap«A HMeiOT ^-nacTHua, ^H3jiyHeHHe? 

a) ^-nacTHua - no jio^khtc jibhmh ; ^rcuiyHeHHe - OTpuuaTejibHUH; 

6) ^-nacTHua - cnpHnaTCJibHbiH , ^H3jryneHHe - He HMeer 3ap5ma; 

b) ^-nacTHita h ^-H3JiyHeHHe - orpHuaTeJiSHtiH. 

2. ^-HanyHeHHe - 3 to: 

a) ^-H3JiyneHHe KBaHTOB 3HeprHH; 

6) noTOK «Aep rejiHJi; 

b) noTOK 3jieicrpoHOB. 

3. B pe3yjibTaxe Kaicoro paAnoaicniBHoro pacna^a naipHH ™Na npe- 
Bpamaerca b ? 

а) a-pacnaAa; 

б) ^-pacnaAa. 

4. IToneMy paAHoaKTHBHbie npenaparw xparorr b tojictmx cbhhhobwx 

KOHTCHHepaX? 

а) hto6m H36excaTb onacnoro HanyneHHJi; 

б) hto6m yBejiHHHTb nepwoA nojiypacnaAa; 

B) HT06 m yMCHbUIHTb ABJlCHHe paAHOaKTHBHOCTH. 

5. Ka KHe nacTHnw hjih HanyMeHiw hmciot HanfSojibniyio npoHHicaio- 
myio cnocoOnocrb? 

a) ff-HacTHHu; 

6) ^-HajiyneKHe; 

b) ^H3JiyHeHHe. 

IV. Hiyqeiwe Hoeoro MarepHajia 

rHnoTe3a o tom, hto aroMHbie jiApa coctoat H3 npoxoHOB h Heibpo- 
hob, noATBep^KAanacb mhothmh 3KcnepwMeHraMH. 3 to CBHAeTejibCTByer 
o cnpaBeAnHBocTH npoTOHHO-HCHTpOHHOH MOAejiH CTpoeHHH «Apa. 

Ho noneMy »Apa He pacnaAaiOTCJi Ha oTAejibHbie HyKjioHbi noA Aefi- 
CTBneM cun 3JieKTpocraTHHecKoro orrajnniBaHHa Mexcjjy noAoaorrejibHo 
aapJDKCHHblMH npOTOHaMH? 

^AepHbie cHJibi npHMepHO b 100 pa3 npeBOcxoA»T ajieinpoMarHHT- 
Hbie. 3 to caMbie MomHbie chjtm h 3 Bcex, KOTopbiMH pacnoAaraer npHpo- 
Aa. Ilo3TOMy B3aHMOAeHCTBHH BAepHblX HaCTHU Macro Ha3bIBaiOT CHJIb- 
HblMH B3aHMOAeHCTBH5IMH. 
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CaJibi npHTaaceHHa, CBa3biBaiomHe npoTOHbi h HeihpoHbi b a^pe, Ha- 
3bIBaiOTCa tfflepHbIMH CHJiaMH. 

Ceoucmea ndepnbix cun: 

- aBJiaiOTca TOJibKO CHJiaMH npHTaaceHHa; 

- bo MHoro pa3 6oJibme KyjioHOBCKHX chji; 

- He 3aBHc«T ot HajiHHHa 3apa,na; 

- KopoTKO^eiicTBy lomwe : 3aMeTHbi nara 2,2* 10~ 15 m; 

- B3aHMOaeHCTByK>T C OIpaHHHeHHblM HHCJIOM HyKJIOHOB; 

- He aBjiaioTca qeHTpajibHWMH. 

BaacHyio pojib bo Been ajiepHOH (j)H 3 Hxe nrpaeT noHaTHe 3HeprHH 
CBa3H pa. 3Heprna CBa3H no3BOJiaeT o6i>flCHHTb ycTOHHHBocTb a/iep, 
BbiacHHTb, KBKHe npoqeccbi Be^yT k BbiaejieHHio aaepHOH 3HeprHH. 

lion 3HeprHew CBa3H ajjpa noHHMaioT ry 3HeprHio, KOTOpaa Heo6xo- 
jjHMa ajia nojiHoro pacmeruieHHa aapa Ha OTaejibHbie nacTHUbi. 

Ha ocHOBaHHH 3axoHa coxpaHeHHa 3HeprHH moucho Taxace yTBep- 
acAaTb, hto 3Heprna CBa3H paBHa toh 3HeprHH, KOTOpaa BbiflejiaeTca npH 
o6pa30BaHHH aapa H3 OTjjenbHbix nacTHu. 

3Heprna cBa3H aTOMHbix aaep oneHb BeJiHxa. HanpHMep, o6pa30Ba- 
HHe 4 r rejiHa conposoacAaeTca BbmejieHHeM Taxon ace 3HeprHH, hto h 
cropaHHa 1,5-2 BaroHOB KaMeHHoro yrjia. 

HanGonee npocTOH nyTb HaxoayjeHna 3 toh OHeprHH ocHOBaH Ha 
npHMeHeHHH 3aKOHa O B3aHMOCB«3H Maccbl H 3HepTHH: 

E = me 2 . 

Macca noxoa ajipa M h Bcer^a Menbine cyMMbi Macc noxoa cjiaraio- 
ihhx ero npOTOHOB h HeinpoHOB: 

Mo < Z_. +N , 

t. e. cymecTByeT ,ne(})exT Macc: 

Aw = Z m + N -Mj, . 

m p m p si 

3Heprna cBa3H a/ipa: 

AE CR =Amc 2 ={z^ + N mK -M / ,)c 2 . 

^aepHbiMH peaxqHaMH Ha3biBaiOT H3MeHeHHa aTOMHbix aaep npH 
B3aHMoaeHCTBHH hx c 3jieMeHTapHbiMH nacTHqaMH HJiH apyr c flpyrOM. 
riepBaa a^epHaa peaxuna Ha SbicTpbix npoTOHax 6buia ocymecTBJieHa b 
1932 r. Yaajiocb pacmenHTb jihthh Ha flBe a-nacTHUbi: 

]Li+ \H -> *He+ \H . 

V. 3aKpenjieH«e MarepHajia 

- Kaxne chjiu jieHCTByioT Meayjy HyxjioHaMH b aTOMHOM ajjpe? 

— npoaBJieHHeM xaxoro BHjja (jiyimaMeHTaJibHbix B3aHMO,aeHCTBHH 
aBJiaioTca 3th chjibi? 
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- KaKHMH cBOHCTBaMH o6naAaiOT auepHtie chjili npHTSDKeHHfl? 

- Hto Ha3LiBaiOT 3HeprweH CB5I3H aTOMHoro aupa? 

- Hto Ha3MBaiOT ue^eicroM Maccti? 

- HanHuiHTe (J>opMyjiy Ae^eKTa Maccti. 

- HTO Ha3bIBaiOT a^epHLIMH peaKAHHMH? 


VI. PeuieHHe 3auan 
3adaua M 1 

BbmHCJiHTe Ae<j)eKT Macc aupa KHCJiopoAa l ] 0 . 


JldHo: 

,7 o* 

nip = 1,6724*1 O' 27 kt; 
m n = 1,6748‘KT 27 kt; 
Mn = 28,2282- 10~ 27 kt. 


Am-? 


PeuieHHe: 

^e^eicr Maccti aupa paBeH: 

Am - Z -m P +(A- Z) -m n - M H . 

H3 CHM BO JIHHeCKOH 3anHCH 3JieMeHTa x \0 
ciieAyeT, hto A = 17 h Z = 8, t. e. b cocteb 
5IApa KHCJIOpOAa BXOAHT 8 npOTOHOB H 9 
hghtpohob: N = A - Z = 17-8 = 9. 


Torua BbipaaceHHe rhx Aeqjeicra Macc mohcho 3anHcaTt: 


Am = 8 1, 6724 • 1 0" 27 + 9 * 1, 6748 ■ 1 0' z ' - 28, 2282 - 1 0*" = 0, 1 656 * 1 0" z/ = 


27 


-27 


-27 


i-28 


= 1,656-10'” kt. 

{Omeem: Am « 1,6-1 0 -28 kt.) 


3adaua M 2 

HaHTH 3HepTHK) CBH3H aupa H30T0rtt JIHTHJI ] Li . 

PeuieHHe: 

3HeprHfl cbb3h 5iApa E cb - Am ■ c 2 , rue Am - 
ue<J)eKT Maccti hr pa: 

Am = Z -m p + (A~Z)-m n - M M . 

OTCWfla E cb =[Zm n +(A-2)m, -M„] e 2 • 

H3 CHMBOJIHHeCKOH 3anHCH H30T0na JIHTH5I 

\Li bhahm, hto v4 = 7hZ = 3, t. e. b »Ape 
H30TOna JIHTHJI 7 HyKJIOHOB, H3 HHX 3 ITpOTOHa H 4 HCHTpOHa (N = A - Z). 
rioucTaBHB 3HaneHH5i A h Z b Btipa>KeHHe OHeprHH cbjbh, nojiyHHM: 

^CB = ‘ m P ^ X ] ' C * 

E CT = [3 - 1, 6724 • 10 27 + 4 • 1, 6748 • 1 0“ 27 - 1 1, 6475 • 10' 27 ] • (3 ■ 10 8 ) 2 = 

= 0,6201-1 O' 27 -9-10 16 = 5,58-I0~ 13 
(Omeem: E CB = 5,58 ■ 10~ 13 /t*.) 
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VII. noaBeaeiwe HTonm ypona 

zIoMauiHee jajaHne 

n. 106. 

P - 1183; P - 1184. 

PeuiHTb 3ajxanvi: 

1) B pe3yJibTaTe 3axBaTa a-nacTHuaMH a^pa H30Tona a30xa 14 N 06- 

pa3yeTca HeH3BecTHbiH sjieMeHT h npoTOH. HanwcaTb peaKUHio h onpe- 
AeJlHTb HeH3BeCTHbIH 3JieMeHT. 

(Omeem: l *N + \He -> \H + x ]0 .) 

2) ripw 6oM6ap^HpoBKe H30Tona a30Ta HefiTpoHaMH nojiynaercH 

H30T0n yrjiepo.ua ' 6 4 C , KOTopbm OKa3anca /2-pa.HHoaKTHBHbiM. HanmiiHTe 
ypaBHeHHa a/jepHbix peaKunit 

(Omeem: \H - npOTOH; 14 V + 0 l n -> l 6 4 C + \H .) 

3) ^apo KaKoro 3JieMeHTa nojiynaercH npH B3aHMo,aeHCTBHH Hefripo- 
Ha c npoTOHOM (conpoBOKAaiomHMca Bbi^ejieHHeM ^KBanra)? 

(Omeem: H30T0n Bo^opo^a, \H - aeHTepHH.) 

4) jZJonHiiJHTe peaKUHjo: 

1 5 °5+ 0 1 «^? + 3 7 L/. 

OnpeAeJiHTe aHeprnio cb«3h JWpa renHa. 

(Omeem: + <** -> $He+ ]Li\ E CB = 4,53*10" n %x.) 


YpoK 121. 3aKOH paaHoaKTHBHoro pacnada 

Lfejjb: H3yHHTb 3bkoh pa^HOaKTHBHoro pacnada. 

Xoa ypoka 

I. OpraHH3ai|HOHHbIH MOMCHT 

II. npOBeaeHHe caMOCTOHTejibHOH paooTbi 

Bapuanm I 

1 . 3apa ( nbi npOTOHa n 3JieKTpoHa. . . (paenbi no Modyjno.) 

0 .. ™ P 1836 

2. Macca npoTOHa h ajieKTpoHa . . . ( » .) 

m e 1 

3. B cocTaB Jwpa bxoaht: ... (npomonbi u neumponbi.) 

4. CooTHomeHHe Maccbi npoTOHa h HeihpoHa... (Macca neumpona 
He3uanumeJibHo 6ojibuie Maccbi npomona.) 
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5. HeMy paBHO hhcjio npOTOHOB b nape? (Hucjiy 3JieKmponoe e 060- 
noHKe amoMa Z.) 

6. HeMy paBHO hhcjio hchtpohob b aape? (A - Z.) 

7. Hto Tanoe jie(j)eKT Macc? ( Pa3Hocmb Meotcdy cyMMapnou Maccou 
nytuiOHoe, ne ceH3annbix Meoicdy co6ou, u cyMMapnou Maccou ecex ny- 
KJionoe, c6H3anHbix Meotcdy co6ou.) 

8. Onpe^ejiHTe, hto Taieoe yaejibHaa OHeprna cb»3h. ( Ydejibnan onep- 
2 uh C6H3U ndpa - smo snepeuR ceH3U ndpa, pasde/ienHan Ha hucjio nymio - 
hoc, m. e. 3 nepaun C6X3U, npuxodnuiaHcn na odun nyjoion ndpa.) 

9. .Hflpa aTOMOB y h30toiiob ojiHoro h Toro ace 3JieMeHTa coflepacar. .. 
(odunaKoeoe hucjio npomonoe, ho pa3noe hucjio neumponoe.) 

10. Ckojilko HeihpoHOB co^ep)KHT H30Ton 'HU ? ( 146 .) 

1 1 . 3HeprHH cbh3h a^pa fleHTepwa 2 H paBHa 2,224 msB. HeMy paBHa 
yaejibHaa SHepraa cbb 3 h 3Toro mipa? (1,112 M3B . ) 

Bapuanm II 

1 . flapo aTOMOB coctoht. . . (u3 npomonoe u neumponoe.) 

2. Hto HMeeT HeHTpoH - Maccy hjih 3apim? (Heumpon uMeem Maccy, 
ho ne UMeem 3apxda.) 

3. y Bcex xHMHHecKHx 3JieMeHT0B ecTb H30Tonbi. Hto mohcho yTBep- 
acnaTb 06 H30T0nax o^hoto h Toro >xe 3JieMeHTa? (fldpa amoMoe y u3o- 
monoe odnoeo u moeo Dice 3JieMeHma codepDtcam odunaKoeoe hucjio 
npomonoe , no pa3Jiunnoe hucjio neumponoe.) 

4. KaxoMy ycjioBHio yflOBJieTBOpaioT npH o6pa30BaHHH nj \ pa ero Mac- 

ca noicoa h Macca noxoa o6pa3yk)iuHX Hacrau? ( M H < Z m + .) 

5. H 3 npe^bi^ymew 3aaanH cjiejjyeT jiecJjeKT Maccbi... (AM > 0.) 

6 . Hto Taxoe OHeprna cb« 3 h? (Dnepaufi, Komopyio neo6xoduMO 3a- 
mpamumb, nmo6bi ydajiumh U3 ndpa odun ny/oion.) 

7. KaKOB cocTaB fl,aep HaTpna ™Na 2 (11 npomonoe, 12 neumponoe.) 

8. ^laepHaa peaKUHH npOTexaeT c nornomeHneM 3HeprHH, Konia 
cyMMapHaa Macca swep h nacTHu,, o6pa30BaBUiHxca npH 5mepHoii peax- 
Uhh,. . . (6ojibuie Maccbi ucxodnbix xdep u nacmuij.) 

9. 3HeprHa cbh3h H30Tona jihthh ]Li paBHa 39,24 MaB. Onpe^ejiHTe 
yjiejibHyio 3HeprHio jwpa jihthji. (5,6 MoB.) 

10. CKOJlbKO npOTOHOB COJiep^KHTCfl B H30T0ne 2 %U ? (92.) 

1 1 . OflHHaKOBbI JIH XHMHHeCKHe 3JieMeHTbI, o6o3HaHeHHbie CHMBOJia- 
? (Odunamebi) 

III. H3yneHHe hoboto MaTepuajia 

Hto >xe npowcxoAHT c BemecTBOM npH pa^noaxrHBHOM H3JiyneHHH? 
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1. Pa£HoaicrHBHi>ie 3JieMeHTbi - ypaH, TOpHH, pa^HH ncnycicaiOT H3- 
jiyneHHJi. Ha npoTJDKeHHH cyTOK, Mecaue h JieT HHTeHCHBHOCTb 3aMeTHO 
He H3MeH«eTca. Ha Hero He OKa3biBaioT HHicaicoe bjihahhc HarpeBaHHe, 
yBenHHeHHe aaBJieHHfl h t. 

2. Pa^HoaKTHBHocTb conpOBo^aercfl BbmejieHHeM 3HeprHH. 

Pe3ep(f)opA oGHapy^cHJi, hto aKTHBHOCTb TopHa, onpe^eJiaeMaa KaK 

hhcjio pacna^OB b ejtfiHHuy BpeMeHH, ocTaexca HeH3MeHHOH b 3aKpbrroH 
aMnyiie. Eluio o6napy^ceHO, hto b pe3yjibTare aTOMHoro npeBpameHHH 
o6pa3yerc« BemecTBO coBepmeHHo hobofo BHjja, nojiHocrbio otjihhhoc 
no CBOHM <f)H3HHeCKHM H XHMHHCCKHM CBOHCTBaM OT nepBOHaHaJIBHOFO 
Bemecraa. 3 to BemecTBO caMO ra k ace HeycxoHHHBO h HcnbrrbiBaer npe- 
BpameHHe c HcnycxaHHeM xapaierepHoro pa^noaicraBHoro rajiyHeHHH. 

3axoH pa^HoaKTHBHoro pacnada ycTaHOBJieH <t>. Coahh. OnbiTHbiM 
nyreM 3 . Pe3ep(()opA ycraHOBHJi, hto aicrHBHOCTb pa^noaKTHBHoro pac- 
naaa y6wBaer c TeneHHeM BpeMeHH. J\nn Kaagjoro pa^HoaKTHBHoro ae- 
mecTBa cymecTByer HHrepBaji BpeMeHH, Ha npoTJDKeH h h KOToporo aK- 
thbhoctb y6uBaeT b 2 pa3a, t. e. nepwo^ nojiypacna^a T AaHHoro Beme- 
CTBa. HanpHMep, Jinx 5Wpa ™Ra nepHOfl T w 1600 JieT, ecjiw B3«Tb 1 r 

2 ^Ra nepe3 1600 jier, ero 6y,aeT 0,5 r, a nepe3 3200 JieT - — r. TaKHM 

4 

o6pa30M, HcxoflHoe kojimhcctbo pamui aojdkho oOpararbCJi b nyjib cnyc- 
t a OecKOHeHHbiH npOMeacyroK BpeMeHH. 



Puc. 104 


nycTb hhcjio panHoaKTHBHEjx aTOMOB N y BpeMx / = 0. Hepe3 // = T 

xr ^ N 0 

hhcjio HepacnaBuiHxcii jmep jV, = , nepe3 t 2 = 2T ocTaHeTca — , 

„ 1 *0 N o 

nepe3 1 3 = 3 T tbkhx *mep OKaxcerc* f- = —f- h t. j\. 

2 2 2 

CjieAOBaTCJibHo, b KOHue npoMOKyriea BpeMeHH t-nT HepacnaB- 

N 0 

1HHXCH Jmep OCTaHeTCB — 1 - . 

T 
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Tax KaK n ~ — , to N = N 0 - 2 T - sto 3aKOH, KOTopoMy noaHHHaeTca 
pacnaa 6ojibiiioro KOJiHHecTBa paHHoaicTHBHbix aae p. 

y paaHOaKTHBHfclX 3JieMeHTOB T HMeeT pa 3 JlHHHyK) BeJIHHHHy, Ha- 
npHMep 2 l 2 0 Th HMeeT nepHoa nojiypacnaaa T = l,4*10 l ° JieT, a y Kpnn- 
TOHa UKr nepHOA nojiypacnaaa T = 1 ,4 c. 


IV. 3aKpenjieHHe H3yneHHoro MaTepHajia 


1. OpOHTajlbHBlH onpoc. 

- *Ito Ha3MBaiOT nepHO^OM no/iypacna^a paaHoaKTHBHoro BemecT- 
Ba? Hto oh xapaKTepH3yeT? 

- BbiBe^HTe (})opMyjiy 3aKOHa pannoaKTHBHoro pacnaaa. KaKOB xa- 
paicrep 3Toro pacnaaa? 

- IIpHBeAHTe npHMepbi nepwoaoB nojiypacnaaa HeKOTopbrx paanoaK- 
THBHblX 3JieMeHTOB. 

- KaK BbirjIBAHT rpa(J)HK 3aBHCHMOCTH cnana aKTHBHOCTH pa^HOaK- 
THBHoro 3JieMeHTa ot BpeMewH? 


2. PemeHHe 3aaaHH. 

HMejiocb HexoTopoe kojihhcctbo paanoaicTHBHOro paaoHa. Kojinne- 
ctbo paaoHa yMeHbniHJioct b 8 pa3 3a 1 1,4 ahh. KaKOB nepHoa nonypac- 
naaa paaoHa? 

PeuieHue: 


N-N 0 -2 t ; 


_2 t — > — 3 — > y = L ■ j — 

N T 3 * 


11,4 

3 


= 3,8 ahh. 


V. IIoaBeaeHHe hto roe ypona 

JJoMauiHee la^aiine 

n. 102. 

P - 1170; P- 1171. 


ypoK 122 . HeuTpoH 

Ljejlb: paCCKa3aTb 06 HCTOpHH OTKpbITHH HeHTpOHa. 

Xojl ypoKa 

I. OprflHH3Hl|H0HHbIH MOM£HT 

II. npOBe^eHHe caMOCTOATeJibHOH pa6oTbi 
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Bapuanm I 

1. KaKOH 3apfl£ HMeeT a-nacTHua, /?-qacTHHa? (a-nacmutia - nono- 
DfcumeubHaH, p-nacmui^a - ompui^amejibuaH.) 

2. Hto npeACTaBJiiieT co6oh a-H3JiyneHHe? ( IJomoK amoMoe aemm.) 

3. KaKHe nacTHUbi H3jiyHaioTCJi b AaHHOM npoaecce: 

Z M -» + X ? (Jft>po ae/iwi.) 

4. Kaxaa Hacraija ocBo6o>KAaeTCfl npH a^epHOH peaiajHH: 

l Be + l He -> '\C + X? ( Heumpon .) 

5. Hro npeTepneBaeT npeBpameHHfl irpn paAHoaKTHBHbix npeBpame- 
hhbx? (fldpa amoMoe.) 

6. Kaic B03HHKaeT ^-Hacirma npH /^-pacna^e? ( Tlpoucxodum npeepa- 
menue neumpona e npomon c ewdpocoM 3a npedenu ndpa dJieKmpona c 
dojibuiou cKopocmbio. TlpomoH ocmaemcn e ndpe) 

1. HMeeTCH pa^HoaKTHBHWH ue3HH Maccofi 8 kt. Onpe^ejiHTe waccy 
Hepacnaamerocfl ae3H5i nocne 135 jieT paAHoaKTHBHoro pacnaAa, ecjin 
ero nepHOA nojiypacna^a paBeH 27 act. { 0,25 kb). 

Bapuanm II 

1 . KaKOH 3ap5m HMeiOT /^nacTHua, ^-H3JiyHeHHe? (fl-Hacmuifa - om- 
puijamejibHbiu, y-u3JiyHenue - ne imeem 3apnda.) 

2. ^to npeACTaBJweT co6oh y-H3AyneHHe? (fi-u3jiynenue Keanmoe 
dnepBuu.) 

3. BHyTpn aTOMHEix «Aep, aaa KOTopbix M > 200, ABa npoTOHa h Afia 
HeHTpoHa B3aHMOAeHCTByioT Me^KAy coGoh (b TeneHHe 10~ 21 c). KorAa 
3Heprna chctcmh H3 nerbipex nacTHH cxaHOBHTca AOCTaTOHHOH aa« npe- 
OAOAeHHH HAepHtix cha, OHa BbiJieiaeT H3 flApa. Kaxon npoH3omeA pa- 
AHoaKTHBHbiH pacnaA? ( a-pacnad .) 

4. B pe3y^bTaTe Kaxoro paAHoaKTHBHoro pacnaAa HaTpHH ff Na npe- 

BpaiAaeTca b ]^Mg ? {B pe 3 ynbmame fl-pacnada.) 

5. rioneMy paAnoaKTHBHbie npenapaTbi xpaHATca b toactmx cbhhuo- 
bmx KOHTeHHepax? ( HmoOu u36eotcamb onacnoBO u3JiyHenm.) 

6 . CxoAbKO npoueHTOB paAwoaKTHBHbix HAep KoOaJibTa ocTaHeTca 
nepe3 35,5 cyr., ecAH nepHOA nonypacnaAa paBeH 71 cyr.? { 75 %) 

1. HMeeTCfl 4 r paAHoaKTHBHoro KoOaAbTa. CKOJibKO rpaMMOB ko- 
6aAbTa pacnaAaeTCA 3a 216 cyT., ecAH ero nepnoA noAypacnaAa paBeH 72 
cyr.? { 3,5 b.) 

III. HjyneHHe Hosoro MaTepHajia 

HeHTpOH - 3TO KJHOH, OTKpblBUIHH AOCTyil K 3anaCaM BHyTpHAAepHOH 
3HeprHH. Tenepb mu 3HaeM o HeM MHoro - oh AHiueH 3ap«Aa, ero Macca 
m n = 1,008665; a.e.M He3HanHTeAbHO - npHMepHO Ha Aee 3AeKTpoHHbix 
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Maccu npeBbimaeT Maccy npoTOHa. B cbo 6 o;jhom coctohhhh HeifrpoH 
^OBOJibiio 6 Licrrpo, c nepHO^OM nojiypacnaaa 10,7 mhh, pacna^aeTCB Ha 
npOTOH, 3 jieKTpOH h 3JieKTpoHHbiH aHTHHeHTpoH no cxeMe: 

n — > p + e+v . 

B Jmpe HeHTpOH CBB3aH npOHHbIMH B/tepHUMH CHJiaMH H, KaK npaBHJIO, 
craOmieH. ^epHbie chjiw cymecrBeHHo MeH»ioT cbohctbe HeihpoHOB h b 
33BHCHMOCTH ot THiia >mpa nepHOA ero /^-pacnajja MoaceT 6 bm> caMbiM 
pa 3 HtiM. Pe 3 ep(J)op^ npe,ncKa 3 aji ero cymecTBOBaime eme b 1920 r. 

B 1930 r. BoTe h Beiacep o 6 jiyHajiH a-nacTHuaMH 6 epHJUiHH. Ha 6 jiio- 
.najiH ohh npH 3 tom He npoTOHbi, a H3ByneHHe, KOTopoe npoxo^HJio ne- 
pe3 CJIOH CBHHUa TOJ 11 HHHOH B 2,5 CM. 

flaa ro^a cnycTJi Hp3H h cppe/iepHK )KaMO-KiopH n po.no ji^khjih hc- 
cjie^oBaHHji npHpo^bi hobofo HajiyneHHJi. Bnocjie^CTBHH M3 ^bhk, y 3 HaB 
06 onbiTax }KaMO-KjopH, noHBJi, hto BoTe h Beiacep Ha 6 jno,najiH anep- 
Hyio peaKUHK) npeBpameHHS 6epHjuiH5i b yrjiepo^ c HcnycicaHHeM Hew- 
TpOHa: 

ct + ^ Be — > n t C + q it . 

B 1935 r. OTKpbrrue Ms^BHica oTMeneHO Ho 6 ejieBCKOH npeMHeii. 

IV. 3aKpenjieHHe H3yneHiioio MaTepnajia 

- PaccKaaorre, ksik 6 mji oncpbiT HefrrpOH. 

- KaxoBa ero Macca, 3apnn? 

- 06b5icHHTe, noneMy npn uempajibHOM ctojikhobchhh c npOTO- 
hom HeHTpOH nepe^aeT eMy bcio SHepnuo, a npu CTOJiKHOBeHHH c 
smpoM a30Ta - TOJibKO ee nacTb. 

/JoMaiinice aanaime 
n. 104. 


AonojiHHTejibHUH MaxepHaji 

B 1914 r. Hanajiact IlepBaa MHposaa BofiHa h Pe3ep(|)opay npHiunocb Ha 
BpeMa OTjioiKHTb cboh HccaeflOBaHHa. Ho nepHOflHHecKH, pa6oxafl Ha BoeHHyio 
npOMWUJJieHHOCTb, OH B03BpamaJlCJI K CBOHM COOcTBeHHblM 3KCfiepHMeHTaM . B 
cbohx CJieayiomHX 3KcnepnMeHTax Pe3ep<|>opA ruiaHHpoBan B3JioMaxb axoM. 

3 th nonuxKH yBeHMajmcb nojiHUM h noTpscaioiuHM ycnexoM. Hobmh B 3 Jiex 
Pe 3 ep 4 >op^OBCKoro reHHjj npHBeji k otkpmthio, KOTopoe Bnocjre^cxBHH peBOJiio- 
UHOHH 3 npoBajio bck) Hayicy h xexHHKy coBpeMeHHocTH. Bbui jy aH nepBbiH cwrHaji 
k Hanany aTOMHoro Bex a. Pe 3 ep 4 >op,n pacmenHjr aTOMHoe snpo. 

Mucjib 06 3TOM B 03 HHKjia y Pe3ep<J>opAa npw Ha6jifo,aeHHH b xaMepe Bwjib- 
coHa (k TOMy BpeMeHH OHa 6biJia yxce H3o6peTeHa h ycoBepweHCTBOBaHa) h b 
cuhhthjuixuhohhom cHeTHHKe 3 ara£OHHbix TpeKOB (cjieaoB), ropa 3 ;*o 6ojiee 
njiHHHwx, neM xpexH HacTHu, xopoiuo 3 HaxoMbix eMy no 6ecHHCjreHHbiM onw- 
tbm. Oh nonyMaji, hto cymecTByioT Kaicne-TO HeH 3 BecTHbie eMy npHHHHbi pe3KO- 
ro yzuiHHeHHx npo6era nacTHU. .ZJpyroe npeAnojioxceHHe (oho oxa 3 ajiocb npa- 
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BHJibHbiM) 3aicjiK)Hajiocb b tom, hto anHHHbie cneAU ocTaBJiflioT Apyrne Heono- 
3HaHHbie nacTHUbi. IlepeA nccneAOBaTejieM B03HHKjia 3 aAana Bbiscmrrb, KaKoe H3 
AByx npeAnonoaceHHH hcthhho. 

Rnsi noJiyneHHfl otbctb Ha cboh aonpocbi Pe3ep<J)opA peuiHJi BbinoiiHHTb ce- 
pHK> onbiTOB no 6oM6apAHpOBKe nacTHuaMH pa3JTHHHbix BemecTB. Oh nocTponji 
npn6op, KOTopbiH Tenepb xaxceTCH HaM Heo6biKHOBeHHO npocTUM. Ho mu aojt>k- 
hu npH3HaTb Taioxe, hto TOJibxo oh 6bui HaH6ojiee npnroAeH Ana HarnaAHoro 
pemeHHa 3aAann. B HeM MHineHaMH aji* 6oM6apAHpoBKH aojdkhu 6ujih 6biTb 
ra3bi (t. e. jierKHe aroMbi), a He MeTajuinnecKHe ruiacTHHKH, o6uhho Hcnojib30- 
BaBiuneca Pe3ep<}>opAOM bo MHorwx npeAtl^ymux onbiTax. 

Co6cTseHHO nocTpoeHHbin Pe3ep<j)opAOM npH6op, c noMombio xoToporo eMy 
y^anocb BnepBbie pacmennTb *Apa aTOMOB jierKHx 3JieMeHTOB, cxeMaTHHecKH 
H3o6paxceH Ha pncyHKe. 



JlaiyHHaa TpyOxa 6 abhhoh 20 cm c AsyMn KpaHaMH HanojiHaeTca ra30M. 
BHyTpn Tpy6xH HaxoAHTca ahck paanoaKTHBHoro HajiynaTenfl 7 , ncnycxaiomero 
nacTHuu. Ruck 3tot yxpenneH Ha ctohkc, ABHraiomencfl no pejibcy 4. Bo BpeM« 
onbiTa oahh KOHeu Tpy6xH 3aKpbmaeTCfl MaTOBOH CTeKJWHHOH nnacTHHKon, a 
Apyron KOHeu - creKASHHOH nnacTHHKOH (npHKpennaeMOH bockom). ManeHbKoe 
npflMoyrojibHoe OTBepcrae b JiaTyHHOH nnacTHHKe 3aKpbiBajioch cepe6paHOH 
njracTHHKOH 3 . CepeSpaHaa nuacTHHKa o6jiaAana cnocoSHOcTbio 3anep>KHBaTb 
HaCTHUbI, OKBHBaJieHTHbie CJIOIO B03Ayxa TOJHUHHOH npHMepHO 5 CM. npOTHB 
OTBepCTHX HOMeiUaJTCfl JlIOMHHeCUHpyiOmHH 3KpaH H3 UHHKOBOH 06 MaHKH. Rnn 
CHeTa CUHHTHJ1JTXUHH HCCJieAOBaTeAb n0Jlb30BajICX 3pHTeJIbH0H Tpy6oH 1. 

KorAa Pe3ep<}>opA HanoJiHHJi Tpy6xy a3oroM, to b none 3peHHa noaBHJincb 
nacTHUbi, ocTaBJWiomHe oneHb aahhhuh cneA, noAoSHO TOMy, hto oh yxce Ha- 
6jiK),aaji. KoHeHHo, Pe3ep4>opA, npexc^e neM npHHTH k oKOHHaTenbHbiM BUBo^aM, 
npo^ejian eme MHoro onuTOB. Ho oKOHnaTejibHoe 3aKjHOHeHne 6ujio TaxoBo: 
npn cTOJiKHOBeHHH HacTwu c HflpaMH a30Ta, HexoTopbie H3 3thx a^ep pa3pyuia- 
iotc«, wcnycxaa «a pa BOAopoAa - npoTOHbi, a 3aTeM nponcxoAHT o6pa30BaHne 
HApa KHCAOpOAa. 

KonoccanbHoe 3HaneHHe 3Toro otkputhji 6ujio c caMoro Hanana xcho caMO- 
My Pe3ep(})opAy h ero coTpyAHHKaM. Bnepeue ocymecTBHJiocb pacmenneHHe 
aTOMHbix aAep. Henoxojie6HMbie, xax Ka3anocb ao 3toto, npeAcraBneHun o «He- 
pa3JTOXCHMOCTH» XHMHHeCKHX 3JieMeHT0B 6bIJTH HarJIXAHO OnpOBeprHyTbl. Ot- 
KpbiBajiHCb coBepineHHO HOBbie h yAHBHTejibHbie bo3mo>khocth HCKyccTBeHHoro 
nonyHeHHa oahhx ajieMeHTOB H3 Apyrnx, BbiAeneHHa orpoMHon 3HeprHH, coAep- 
wameftca b «Apax, h t. a. 
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npOflOJDKafl HCcjieaoBaHHH, oh nojiynaeT oKcnepHMeHTajibHoe noATBep>KAe- 
HHe paHee yme ycTaHOBJieHHoro hm noAOXceHHH, hto HeSojibiiioe koahhcctbo 
aTOMOB a30Ta npn 6oM6apAHpOBice pacna^aeTca, HcnycKaa SbicTpbie npoTOHbi - 
HApa eoAopo^a. B CBeTe no3AHefiuiHx HccAeAOBaHHfi, nwcaji Pe3ep(j)opA, «o6iahh 
M exaHH3M 3Toro npeBpameHHH BnojiHe aceH. BpeM* ot BpeMeHH nacTHUbi Aeficr- 
BHTe/ibHo npoHHxafOT b «Apo a30Ta, o6pa3ya Ha mfhobchhc HOBoe «Apo Tuna 
*Apa (j)Topa c Maccofi 1 8 h 3ap«AOM 9. 3 to «Apo, KOTOpoe b npwpoAe He cymecr- 
ByeT, Hpe3BbmaHHO HeycTofiHHBo h cpa3y ace pacnaAaeTC*, Bbi6pacbiBaa npoTOH 
h npeBpamaacb b ycTOHHHBoe «Apo KHCjiopoaa c Maccofi 17 ...». 

B pe3ynbTaTe AAHTejibHbix 3KcnepHMeHT0B Pe3ep4>opAy yaaAocb Bbi3BaTb 

«AepHbie peatajHH b 17 jierKHX ajieMeHTax. 

ripoAOJDKafl onbiTbi no paciyenjieHHio HAep, Pe3ep<})OpA npHineA k cneAyio- 
meMy BbiBOAy: xotb nacTHUbi h o6AaAaioT Sojibinofi 3Heprwefi, ho aa« npoHHK- 

HOBeHH* B HA pa 3AeMeHT0B OHH BCe >Ke HBAHIOTCH HeAOCTaTOHHO MOIAHblMH CHa- 
pHAaMH. Oh peuiHJi noBbicHTb oHeprHio nacTHU, paaroHHH hx b BbicoKOBOJibTHofi 
ycTaHOBKe. Tax 6 wa cacabh nepBbifi mar b pa3BHTHH ycxopHTeAbHofi tcxhhkh. 


ypoK 123. ^ejieHHe n^ep ypaHa 

Lfejib: c^opMHpOBaTb y ynamHxcfl npeACTaBAeHHe o acachhh xjx pa 
ypaHa. 

Xo a ypoKa 

I. OpraHHianHOHHbiH momcht 

II. IIpOBepica AOMawHero 3aA3HHH. IIoBTOpeHHe 

- KaKOH BOnpOC B03HHKaeT B CBB3H C THn0Te30H O TOM, HTO BApa 
aTOMOB COCTOBT H3 npOTOHOB H HCHTpOHOB? 

- Kaxoe npeAnoAoaceHHe npHiimocb cAeAaTb yneHbiM a jib otbcta Ha 
3 T 0 T BOnpOC? 

- Kax Ha3biBaiOTCH chabi npHTBaceHHB Me^K^y HyKAOHaMH b BApe h 
KaxoBbi hx xapaicrepHBie oco6eHHocTH? 

- Hto Ha3biBaeTCA 3HeprneH cbb3h BApa? 

- 3anHuiHTe 4>opMy aab pacneTa 3HeprHH CBB3H BApa no ero Ae4>e*ay 
Macc, 

III. HayneHne hoboio viarepHa.ia 

YnamHecA caMOCTOBTeAbHO HHTaioT naparpacj) h coctababiot nAaH- 
KOHcneKT npoHHTaHHoro. 

IV. 3aKpenjieHHe H3yneHHoro m aTepnajia 

- KorAa 6 biao OTKpbiTO ACAeHne BAep ypaHa npn 6 oM 6 apAHpoBKe hx 
H eHTpOHaMH? 

- rioneMy AeAeHHe BApa MoaceT HanaTbCB toabko TorAa, KorAa oho 
Ae^opMHpyerca noA aghctbhcm norAomeHHoro hm HeHTpoHa? 

- Hto o6pa3yeTCH b pe3yABTaTe ACAeHHa BApa? 
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- B fcaicyio 3HeprHio nepexo^HT nacTb BHyTpeHHen 3HeprHH aflpa npn 
ero ^ejieHHH? 

- B KaKOH 3HeprHH npeo6pa3yeTc» KHHeTHHecKas 3HeprHfl ockoji- 
kob jmpa ypaHa npn hx TOpMojKeHHH b oxpyacaiomeH cpe^e? 

- Kax H^eT peaxuHH ^ejieHHJi a^ep ypaHa c BHZjejieHHeM 3HeprHH b 
OKpy>KaiomyK) cpe^y hjih Hao6opoT, c norjiomeHHeM SHeprmi? 

V. PeiueHne 3a^an 

1. Onpe^ejiHTe HeH3BecTHUH npoflyxT X xaxcjjoH H3 auepHbix peax- 
uhh: 

"N+ \H + X \ 

° t B +,'//-> *He+X; 

”A1+ In -> * He + X ; 

lB+lHe^ln + X . 

2. flonmiiHTe ne;(ocTaiomne o6o3iiaMcnnn: 

\H + y — > X + qH ; 

%Cu + /-> %Cu + X; 

X+lH->iHe+r; 

X+y->'*\W+ln. ' 

3. HanniuHTe azjepHyio peaxijHio, npOHcxo^amyio npH 6oM6ap,aH- 
poBKe anioMHHHJi ™Al a-nacTHuaMH h conpoBOxyjaiomyiocJi BbiGHBa- 
HHeM npoTOHa. 

4. HanniuHTe x^epHyio peaxijHK), npoHCxoflamyio npH 6oM6ap^H- 
pOBKe 6opa l 5 ! B a-nacTHuaMH h conpOBoxaaiomyiocji BbiOnBaHHeM Hew- 

TpOHOB. 

5. ripw 6oM6ap^HpoBKe H30Tona 6opa 'ji? HeHTpoHaMH H3 o6pa30- 

BaBwerocH aupa Bbi6pacuBaercir a-H acTHua. HannuiHTe peaxuHK). 

6. 3jieMeHT MenaejieBHH 6 hji noJiyneH npH oOjiyneHHH 3HHurreHHH5i 

2 ^Es ^-HacTHqaMH c BbiaejieHHeM HeihpoHa. HariHiiiHTe peaxunio. 

VI. IIo^Be^eHHe htofob ypoxa 
^OMauiHee 3;manne 

n. 108. 

1. HariHiiiHTe He^ocTaiomee o6o3HaneHHe b cjie^yiomHX aaepHbix 
peaxunax: 

\lAI+ In -> ? + *He; 

? +IH-+ 12 Ka+ A 2 He\ 
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ll : A/« + ?->“Fe + ’n; 

tjAl +y-> ™Mg+ ?. 

2. 3neMeiiT KypnaTOBHH nojiynHJiH, o6jiyHaa rniyroHHH ™ Pu supa- 
mh HeoHa ^Ne . 

HanHuiHTe peaKimio, ecjiH H3BecTH0 , hto b pe3yjibTaTe o6pa3yeTca 
eme neTbipe HeihpoHa. 


ypoK 124. Pewemie 3a^aM 

Lfejib: HayHHTb npHMeHHTb <})H3HHecKHe 3aKOHbi npn pemeHHH 3aaan. 

Xon ypoica 

I. OpraHH3ai|H0HHbIH MOMeHT 

II. IIpoeepKa AOMauiHero 3a^aHHfl. IIoBTopeHue 

- Hto TaKoe H30Ton? 

- KaK HHTaeTca npaBHJio CMemeHHH jyifl ar-pacna^a? 

- KaK qHTaeTca npaBHJio CMemeHHJi jijih ar-pacnajja? 

- C(J)opMyjiHpyHTe npaBHJio CMemeHHH JlJifl /Z-pacna^a. 

- KaKHM bhjiom H 3JiyHeHH« nacTo conpoBoac^aeTCH a- h / 2-pacna^? 

- 3anHiiiHTe (JjopMyjiy juw onpe/jeJieHHH Ae^eicra Macc Jiio6oro 5mpa. 

- 3anmnHTe (jiopMyjiy jyw pacneTa 3HepraH cbjoh sm pa no ero jje- 
(JjeKTy Macc. 

- KaKOH (})opMyjiOH CBH3aHbi Meacjjy co 6 oh MaccoBoe hhcjio, 3apa- 
jjOBoe hhcjio h hhcjio HeifrpoHOB b fljjpe? 

- KaK Ha3biBaiOTCfl npoTOHbi h HefiTpoHbi BMecTe? 

- H3MeHBeTCH jih MaccoBoe hhcjio 5wpa npn /2-pacnajie? 

- Hto nponcxojiHT c Ji/ipoM pajjnoaKTHBHoro ajieMeHTa npn or-pac- 
na^e? 

III. PeuieHue 3aaan 

flj ih caMOCTOHTejibHoro pemeHHH ynHTejib MoaceT Bbi6paTb pjw 3a#aH 
H3 npejyioaceHHbix: 

1. no,zi jiencTBHeM Kaxoft chjiej a- h / 2-H3JiyneHHe OTKJioHHeTCH b 
M arHHTHOM nojie? Hto npoH30HjieT c H30TonoM ypaHa-237 npn fl- 
pacna^e? Kax H3MeH«eTCH MaccoBoe hhcjio hoboto ajieMeHTa? Bjicbo 
hjih BnpaBO b TaSjiHiie MeHjiejieeBa nponcxojiHT c^bht? 3anncaTb peax- 

UHIO. 

2 . 3anncaTb peaKumo Henocpe^cTBeHHoro npeBpameHHH aKTHHHH- 
227 bo 4)pamiHH-223. a- hjih /?-pacna^ HMeeT 3jiecb MecTo? 
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3. Bo hto npeBpamaeTCfl 2 llU nocjie oflHoro ar-pacna^a h flByx fi- 
pacna^oB? 

4. Bo hto npeepamaerca H30Ton TopHa 23 ^Th , a^pa KOTOporo npe- 

TepneBaiOT TpH nocjieflOBaTejiLHMX ar-pacna^a? 

5. KaKofi H3 rpex a-, ft- h y-H3JiyneHHH He onoioHaeTca MarHHTHtiM h 
3JieKTpHHeCKHM nOJWMH? 

6. Xzjpa H3orona ^Th npeTepneBaioT tf-pacna^, /iBa /2-pacrra^a h 
eme o^hh a-pacnajr Kaxwe a,upa nocjie 3Toro nojiynaKyrca? 

7. KaKOB cocraB a^ep Bo^opo^a \Hn , ypaHa 2 ™U ? tfro mohcho cxa- 

3an» o KOJiHHecTBe HeirrpoHOB b aapax c B03pacTaHHeM hx nopa^KOBoro 
HOMepa? 

8. npH 6oM6apAHpoBKe HefiTpoHaMH aTOMa a30Ta X *N HcnycKaerca 
npoTOH* B a^po Kaxoro H30Tona npespamaeTca a,npo a3ora? HanHuiHTe 
peaKUHio 

9. KaxoB cocraB H30TonoB HeoHa ^Ne , f^Ne h ^Ne ? Mto xapax- 
TepHO RJW H30TOITOB O^HOrO 3JieMeHTa? 

10. 5tapo H30Tona MarHHa c MaccostiM hhcjiom 25 noflBepraerca 6 om- 
6apAHpoBKe npoTonaMH. fl^po Kaxoro 3JieMeHTa npH otom o6pa3yeTca, 
ecjiH aaepHaa peaxuHa conpoBoacnaeTca H3JiyneHHeM a-nacTHu? 

11. npH 6oM6apAHpoBKe oHacrauaMH aaiOMHHHa o6pa3yeTca Hosoe 
aapo h HeHtpoH. 3anHcaTL a^epHyio peaicuHio h onpe^ejiHTt, a^po Kaxo- 
ro 3JieMeHTa npw 3 tom o6pa3yeTca. 

12. KaKOB cocraB aaep Harpna 22 Na , (Jrropa h MenaenesHa ? 

13 . JXonmime peaKimn: 

™Pu+tHe^l + l n; 

14. KaxoB cocraB a#ep cepe6pa '^Ag , Kiopwa ™Cm h paawa 2 ^Ra ? 

15. KaxoB cocraB a#ep repMaHHa ^fie , HHoOwa l^Nb h cBHHija 

^82 Pb ? 

16. ftjxpo TopHa 2 %Th npeBpaTHJioct b a^po pa^na 2 ^Ra . Kaxyio nac- 

THuy Bti6pocHjio a^po TopHa? HanHuiHTe peaKijHio. 

17. HanwcaTB He^ocraiomee o6o3HaneHHe b cne/iyiomHx a^epHux pe- 
aKUHax: 

? +lH->.*Mg+*He; 
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"N+fH-> ? + >; 

? lAl + r-*uNa+1. 

18. HamicaTfe HeAOCTaiomHe o6o3HaHeHHa b cjie^yiomHX a^epHwx pe- 
aKqHHx; 

+ ? — > jJCa + 1 H ; 

?+* Hc-> , 5 °^+o«; 

\lMn+\H -> 2 6 5 Fe+ ?; 

*J/ + y->? + Jn. 

IV. IIoABeAeHHe HToroB ypona 

^OMaumee ja/xanne 

IIoBTOpHTb n. 98-103. 

ypoK 125. PeuieHHe 3a^an 

IJejib: Hay^HTb npHMeHBTb 4>H3imecKHe 3aKOHbi npw pemeHHH 3aAan. 

Xoa ypoKa 

I. OpraHH3ai|HOHHbIH MOMeHT 

II. PeuieHHe 3aaan 

3adanu na «3» 6aiuia 

1. npH nepexo^e 3jieKTpoHa b aTOMe BOAOpoAa H3 oahoto CTaiiHO- 
HapHoro coctobhha b Apyroe H3JiyneH cbct c nacTOTOH KOJie6aHHH 
4,57* 10 14 Tu. Ha CKOAbKO yMeHbnimiacb 3Hepnw aTOMa BOAOpoAa? (Om- 
eem : « 3-10’ 19 

2. CKOJibKO HyKJIOHOB, npOTOHOB H HeHTpOHOB COAep>KHTCfl B HApe 
HaTpHJi ]]Na ? ( Omeem : 23 HyicjiOHa, 11 npOTOHOB, 12 HeihpoHOB.) 

3. ^onHuiHTe jmepHyio peaKUHio: 

\He+\Be^> , 6 2 C+... 

(Omeem: \ He+ \Be — > + l 0 n .) 

4. OnpeAeJiHTe AJiHHy bojihu (JjOTOHa, HcnycKaeMoro npH nepexoAe 
3AeKTpoHa b aTOMe BOAOpoAa c TpeTbero 3HepreTHHecKoro ypoBHB Ha 
nepBbiH. (Omeem: * 10 3 hm.) 
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5. npH o6cTpejie BAep (Jnropa ^F npOTOHaMH o6pa3yeTCB khcaopoa 

'tO . KaKHe BApa o6pa3yK)TCB iiomhmo KHCJiopo^a? ( Omeem : \He .) 

6. CKOJIbKO HyKJlOHOB, npOTOHOB H HeifrpOHOB COAepBCHTCB B BA pe 
a30Ta l *N . (Omeem: 14 HyKJiOHOB, 7 npOTOHOB, 7 HeihpOHOB.) 

3adanu Ha «4» 6ajuia 

1. HaHAHTe Ae(j>eKT Maccbi, 3Heprwo crjbh h yAeALHyio 3Heprrao CBB3H ba- 
pa KHCAOpoAa ' 6 g O . (Omeem: 0,133 a.e.M; a 123,5 MsB; * 7,7 MsB/HyKAOH.) 

2. Ckojilko aTOMOB nojiOHHB pacnaAaeTCB 3a cyTKH H3 10 6 aTOMOB, 
ecJiH nepHOA nojiypacnaAa paBeH 138 cyT.? (Omeem: 5000.) 

3. KaKOH 3jieMeHT o6pa3yeTCB H3 nocne OAHoro a-pacnaAa h 

AByx y^-pacnaAOB? (Omeem: 2 ltU .) 

4. PaccHHTaHTe Ae<t>eKT Maccbi, SHeprnio cbb3h h yAeAbHyio 3Hep- 
thk) cbb3h BApa ajiiOMHHHB 2 ]Al . (Omeem: 0,234 a.e.M; « 218 IVbB; 
a 8 MsB/HyKJIOH.) 

5. Ckojibko a- h /?-pacnaAOB ncnbiTbreaeT ypaH 23 2 5 £/ b npouecce no- 
cjieAOBaTejibHoro npeBpameHHB b cbhhcij 2 8 ° 2 FZ> ? (Omeem: 7 - a- pac- 
naAOB; 4 - /?-pacnaAOB.) 

6. Akthbhoctl paAHoaKTHBHoro 3JieMeHTa yMeHbiiiHAacb b 4 pa3a 3a 
8 cyT. HafiAHTe ncpnoA nojiypacnaAa. (Omeem: 4 cyr.) 

3adanu ho «5» dajuioe 

1 . npH AeAeHHH OAHoro BApa ypaHa 2 g 3 2 U Ha ABa ocKOAKa BbmeAaeT- 
cb 200 MsB 3HeprHH. KaKoe koahhcctbo 3HeprHH ocBoOoBCAaeTCB npH 
c>KHraHHH b BAepHOM peaicrope H30Tona ypaHa, Macca KOTOporo paBHa 1 r? 
KaKoe KOAHHecTBO KaMeHHoro yrAB hco6xoahmo cxcenb aab noAyneHHB 
TaKoro ace KOAHnecTBa 3HeprHH? (Omeem: 8,2* 10 10 /Jac; a 3 m.) 

2. OnpeAejiHTe 3HepreTHHecKHH bmxoa CAeAyiomen BAepHOH peax- 
HHh: J Le+ \H -> l^He . (Omeem: bliacabctcb 16,85 M3B 3HeprHH.) 

3. PaccHHTaHTe, nepe3 kbkoh npoMeacyTOK BpeMCHH pacnaAaeTCB 
80 % aTOMOB paAHoaicTHBHoro xpoMa l\Cr , ecAH ero nepHOA noAypac- 
naAa paBeH 27,8 cyT.? (Omeem: 64,5 cyT.) 

4. PaccHHTaHTe 3HepreTHnecKHH blixoa CAeAyiomeii BAepHOH peaK- 

Uhh: ** N + 2 //e • (Ortieem: norAomaeTCB 1,2 MsB 3HeprHH.) 

5. ATOMHaB 3AeiCTpOCTaHHHB MOIUHOCTblO 1000 MBt HMeeT Kim, 
paBHbiH 20 %. KaxoBa Macca pacxoAyeMoro 3a cyTKH ypaHa-235? (Chh- 
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TaHTe, hto npw ks^om ^eJieHHH o^Horo a^pa ypana Bbwejiaexca 3 Hep- 
nui 200 MsB.) ( Omeem : 5,3 ki\) 

6. Kaxaa rojm aTOMOB paflHoaxxuBHoro H30Tona xoOajibTa ™Co 
pacnanaeTca 3a 20 cyT., ecjiw nepwoa nonypacnaaa 27 cyx.? (Omeem: 
17,5%.) 

III. IIoaBeaeHiie hxopob ypoica J ' 

/JoMaimiee 3aaanHe 

P- 1180; P- 1183. 

ypoK 126. KoHTpojibHan pa6oTa 
no TeMe ^epnan (|>H3Hica» 

l Jenb : BtMBHTb 3HaHH« ynaimixcsi no TeMe «HnepHaa <{)H3HKa» 

Xoa ypoKa 

Bapuaum I 

1. ripn nepexo^e aroMa Bo^opo^a H3 xpexbero cxaimoHapHoro co- 

CTOHHHH BO BTOpOe H3JiyHaeXCJI 4>OTOH, COOTBeTCTByiOmHH XUlHHe BOJTHbl 

652 km. Kaxyio 3Heprmo xepaex axoM Bo^opo^a npw H3Jiy4eHHH 3xoro 
<})oxOHa? (Omeem: 310 -19 fl*.) 

2. CKOJIbKO HyKJiOHOB, npOTOHOB H HeHXpOHOB CO^epXCHXCJl b «flpe 
ypaHa 2 £U ? (OxBex: 235 HyKJiOHOB, 92 npoxoHa, 143 HeftxpoHa.) 

3. npH 6oM6ap^HpOBKe ajnoMHHHfl fj Al a-nacxHuaMH o6pa3yexc« 
H30xon ((joc^jopa . Kaxax nacxnua Hcnycxaexca npn 3 xom aaepHOM 
npeBpameHHH? 3anHinHxe aaepHyio peaxurno. (Omeem: J/i , 
13AI+ \He — ► + In .) 

4. TTepno/i nojiypacnaaa pazmoaicxH bhoid Ho.ua- 1 3 1 paseH 8 cyx. Pac- 
cwrafixe, 3a xaxoe BpeM* kojihhccxbo axoMoe no.ua- 131 yMeHbuiHxcfl b 
1000 pa3. (Omeem: 80 cyx.) 

5. Onpe^ejinxe ,ae<J>eKT Maccu, SHepi HK) cbtch h yae/ibHyio SHeprono 
aapa a30xa . (OxBex: 0,109 a.e.M.; « 101 MaB; « 7,2 MsB/HyxjioH.) 

6. B xaxoH sjieMeHx npeBpamaexca n30Ton xopmi 23 <%Th nocjie a- 
pacna/ia, jjByx /?-pacnaaoB h eme o^Horo a-pacna^a? (Oxsex: \Ra .) 
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7. Onpe^ejiHTe moiuhoctb nepBOH cobctckoh btomhoh ajieiapocTaH- 
Uhh, ecJiH pacxoA ypaHa-235 3a 1 cyr. CocTaBHJi 30 r npw KTIfl, paBHOM 
1 7 %. (Otbct: » 5 MBt.) 

8 . PaccHHTaHTe, Kaicafl 3Hepnwi BbmejifleTCfl npH TepMoaaepHOH pe- 
aKUHH: \H + \H — > 2 H e + l n • (Otbct: a 17 MaB.) 

9. OTHocHTejibHaa ,hoji« pa^HoaKTHBHoro ymepoAa [ *C b cTapoM 
KycKe A^peBa cocTaBJweT 0,0416 ot ero £Ojih b >khbmx pacTeHHax. Ka- 
kob B03pacT 3Toro Kycxa aepeBa, ecnw nepHoa nojiypacna^a paBeH 
5570 roflaM? (Otbct: 2550 JieT.) 

Bapuanm II 

1 . npH 3JieKTpHHCCKOM pa3p«^e B Tpy6xe, HanOJIHeHHOH KpHIlTOHOM- 
86, H3JiynaioTC5i <j)OTOHbi, cooTBeTCTByiomHe pa3HOCTH 3HeprHH jxhyx 
CTauHOHapHtix coctobhhh aTOMa, t. e. 3,278- 10~ 19 J1?k. HailflHTe /viHHy 

BOJIHbl 3TOTO H3JiyHeHHB, ITpHHBTyiO BO BCCM MHpe B KaHCCTBC eCTCCT- 
BeHHoro 3TanoHa jpiHHbi. ( Omeem : 6 0, 6“ 7 m.) 

2. CfCOJIbKO HyKJIOHOB, npOTOHOB H HCHTpOHOB COflepaCHTCB B JJflpe 

MarHHB ^ Mg ? (Omeem: 24 HymioHa, 12 npOTOHOB, 12 HeHTpoHOB.) 

3. 3anHiiiHTe a^epHyio peaKumo /^pacnajja Jwpa MapraHua %Mn . 

(Omeem: In — > Fe.) 

4. Kaxafl flojm pazmoaKTHBHbix Hflep HeKOToporo 3JieMeHTa pacnaaa- 
eTCB 3a BpeMB, paBHoe nojroBHHe nepHOfla nonypacna^a? (Omeem: 0,29.) 

5. i(apo H30Tona BHCMyTa 2 ^Bi nojiyHHjiocb H3 zjpyroro ji^pa nocjie 

nocne^oBaTejibHbix a- h /^pacna^oB. Hto 3to 3a *mpo? (Omeem: 2 ^Po .) 

6. PaccHHTaHTe ^e^eKT Maccbi, 3HeprHio cbjuh h yzjejibHyio 3Hep- 
TMio CBB3H fl^pa yrnepo,aa X \C . (Omeem: 0,092 a.e.M.; a 85,5 M3B; 
» 7, 1 M3B/HyKJIOH.) 

7. Onpe,zjejiHTe KFt J\ btomhoh 3JieKTpocraHUHM, ecjiH ee moihhoctb 
paBHa 3,5* 10 5 kBt, a cyroHHbiH pacxoa ypaHa paBeH 105 r. (CHHTaHTe, 

mto npH ^eneHHH o^Horo aapa ypaHa BbmejuieTCfl OHepnwi, paBHaa 
200 MaB.) (Omeem: 35 %.) 

8. KaxoB 3HepreTHHecKHH bmxoa cjie^yiomeH aaepHOH peaiojHH: 

\He+ \He -> ]Li+ \H . 

(Omeem: nornomaeTca 16,85 MaB 3HeprHH.) 

9. MMeeTCH 10 10 aTOMOB pa^HM. Ckojikko aTOMOB ocTaneTca nepe3 
3200 jreT, ecJiH nepHOfl nojiypacnaaa pa^H« paBeH 1600 ro,naM? (Omeem: 
7, MO 9 .) 
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ypoK 127. l^enHan H^epHan pcakUHH 

IJejib: c<J)opMHpoBaTb y ynamHxcs npeACTaBJieHHe o uenHofi jmepHOH 
peaKUHH, BbuiCHHTb ycJiOBHH ee npoTeKaHHH. 

Xoa ypoKa 

I. OpramnauHOHHbiif momght 

II. AHaJlH3 KOHTpOJIbHOH pafiOTbl 

III. IIpoBepna AOMaumero 3 iuaHHfl. IIoBTopeHHe 

- H3 Hero COCTOHT H£pO? 

- KaKyro Maccy hmcfot HeihpoHbi? KaKOB 3 apflzj HeirrpoHa? 

- KaKOB cocTaB smpa hbtphh Na? 

- Ckojibko HeiiTpoHOB coAepaarr H 30 Ton ypaHa ^ 2 8 U ? *IeMy paBHo 
HHCJIO npOTOHOB B HApe? 

- *1to mohcho cKa3aTb o 3apHAax npoTOHa h 3JieiapoHa? 

- *IeM OTJIHHaeTCH XHMHHeCKHH OJieMeHT H ero H 30 T 0 II? 


IV. EbyHeHHe Hoaoro MaTepnajia 

IJenHaJi peaKipifl AejieHHA 5iAep ypaHa. 

B 1940 r. r. H. OjiepoB h B. neTpraaH oOHapyxcHjiH caMonpoH3- 
BOJibHoe (cnoHTaHHoe) .aejieHHe jmep ypaHa. 

B 1938 r. T. TaH h O. IIIxpaccMaH oTKpbuiH: «Apa ypaHa npw 6om- 
Oap^wpoBKe ero HeihpoHaMH o6pa3yjor ^pyrae 3JieMeHTbi. A oOtacHeHMe 
3T0My HBjieHHio 6buio AaHo b 1939 r. aBcrpHHCKHM cJ>H3Hkom JI. MairrHepOM 
H aHniHHCKHM (})H3HKOM O. OpHUieM! 

235 rr , I . 236r r . 140,-. . 94 0 1 

o H 92 ^ — ^ 55C5 + 2 * qW • 


(BoM6ap^HpoBKa HeihpoHaMH Aaer 2 ™U , KOTopbiH pacnaaaeTca Ha 
Ue 3 HH H pyOHAHH.) 

IIo 3 )Ke oOHapy^KHjiH, hto npH 6oM6apAHpoBKe HeihpoHaMH 2 £U 06- 
pa3yeTcn 80 pa3AHHHbix BAep. HawOo^ee BeposTHoe AeJieHHe OKa3aJiocb: 


236 


u-> 


m 


a 36 


Kr 


m 


142 
a 56 


Ba 


3tot npouecc nponcxoAHT c BbmeJieHHeM 3HeprHH 200 m 3B - 
3,2- 10” 11 ,n>K. 3HeprH« BbiAejiaeTca b BHAe: 

a) E k ockojikob « 2,6*10" n flpc, 

6) E k HeiiTpOHOB « 0, M 0” u 

b) /-H3AyHeHH» « 0,5*10" n ,H>k; 

r) ^-H 3 jiyHeHH«. < 
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MexamnM AejieHHsi 

H. Bop npe/uioacHJi xanejibHyio Moaejib xapa aTOMa. OHa aaeT npea- 
CTaB/ieHne o fl/ipe KaK o nojioacHTejibHO 3apa*:eHHOH xanjie >xh^xocth. 
Xnpo, norjiOTHBiuee HeitipOH, HaxoflHTex b B036y>x < neHH0M coctohhhh h 
noao6Ho Kanne piyrn npH Tojinxe HaHHHaeT xojieOaTbcx, H3MeH»B cboio 
(J)opMy. Korfla 3Hepnw B036yxc£eHHfl cTaHeT 6ojibiue aHepran cb« 3 h, to 
3a CHeT xyjiOHOBCKHX chji x,apo pa3opBerc« Ha j\bc nacra, KOTopbie pa3- 
JieTHTCX B npOTHBOnOJIOHCHbie CTOpOHbl. TaKHM o6pa30M, KHHeTHHeCKafl 
3Hepnw HOBbix *mep o6ycjioBJiHBaerc5i KyjioHOBCKHMH CHjiaMH. 

UenHax peaxuHa aejieHHH 5mep ypaHa - 3 to peaxuwx, b xoTOpoft nac- 
THUbi (neHTponbi), Bbi3biBaiomHe 3ry peaKUHK), o6pa3yK)TC« b npouecce 
aejieHHx nn pa. Jinn ocymecTBJieHHji uenHOH peaxuHH npHro^Hbi jiwujb 
«Apa 2 g*U . EcTecTBeHHbiH ypaH coctoht H 3 2 ^U ( 0 , 7 %), 2 ^U ( 97 , 3 %). 

5 [r pa AejixTCx xax OucTpbiMH, Tax h Me^JienHbiMH HeinponaMH. 

2 g *U - TOJIbKO 6bICTpbJMH C 3HepTHeH 1 MsB. HeHTpOHOB C TaXOH 

3HeprHeH npH ,qejieHHH 60 %, ho Tojibxo o^hh h 3 iixth npOH3BO,HHT ,ae- 
jieHHe. 

LJenHyio peaxunio hhctoto H30Tona 2 ^U ocymecTBHTb Me/meHHbiMH 
HeHTpoHaMH neB03M0)KH0. Jinn ee TeneHHe Heo6xoAHMo, htoOm xoa $- 
(J)HUHeHT pa3MH0>xeHH5i k-HeihpoHOB 6bui > l. B 3tom cjiynae HHCJIO 
HeHTpOHOB pH yBejiHHHBaeTcx hjih ocxaeTcx nocTOXHHbiM h uenHax pe- 
axuHx npoTexaeT. 

Ilpn k < Ihhcjio qTi y6biBaeT h ueriHax peaxunx HeB03M0>xHa. 

Ko3(jKj)HUHeHT pa3MHO>xeHHx yBeJiHHHBaeTcx npH 3axBaTe MejuieH- 
Hbix [ Q n JwpoM 2 HU hjih 6biCTpbix In HapaMH 2 “l/ h 22 *U c nocjie- 
.z^ywmHM .aejieHHeM. 

YMCHbiiiaeTCH npH 3axBaTe HeinpOHa aapOM 6e3 nocjie/jyiomero ae- 
jieHHH, npH BbiJieTe HeinpOHa H3 flejinmerocx BemecTBa, npn 3axBaTe 
HeHTpOHa npO/tyKTaMH fleJieHHfl, 3aMe;yiHTeJIHMH H KOHCTpyXTHBHbIMH 
ajieMeHTaMH ycTaHOBXH. 

C uejibio yMeHbiueHHx BbuieTa ^ n yBejiHHHBaiOT Maccy ypana. Ko- 
JinwecTBO pacnaBuiHxcx nponopijHOHajibHo Macce ypaHa, xoTopax 
pacTeT 6biCTpee, neM iuiomazib ero noBepxHOCTH. 

MHHHMajibHoe 3HaneHHe Maccw ypaHa, npH xoTOpofi B03M0)XHa uen- 
Hax peaxuHa, Ha3biBaeTcx xpHTHHecxofi Maccon. B 3aBHCHMOCTH ot ycT- 
pOHCTBa ycTaHOBox h THna ropionero xpHTHHecxax Macca H3MeHxeTCJi ot 
250 r no coxeH xnnorpaMMOB. 

CymecTByiOT ^Ba Bima x^epHbix peaxijHH: HeynpaBJiaeMaa uenHax 
peaxuHH h ynpaBjraeMaa uenHax peaxuHH. 
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V* 3aKpenjieHHe H3yHeHHoro rviaTCpuajia 

“ Hto Ha3MBaioT permon a^epHOH peaKuneii? 

- Ejiaroflapa HeMy oKa3ajioci> B03M0)KHbiM ocymecTBJieHHe uenHOH 
a^epHOH peaKUHH ^ejieHHa? 

- HtO Ha3bIBaiOT K03<t)<i>HUHeHT0M pa3MHO»eHH5I HeHTpOHOB? 

- Heu Bbi 3 BaHa Heo6xoflHMOCTb 3 aMe^JieHHa HeihpoHOB, ncnycKae- 
mb»ix npH ^ejieHHH a^ep? 

- IlepeHHCJiHTe ycjiOBHfl npOTexaHHa permon a^epHOH peaKUHH b 
ypaHe- 325 . . 

VI* IIoABeAeHiie htotob ypoxa 

/Jo Maumee 3 a^a»He 

IlpoHHTaHTe h BbiyHHTe MaTepnaji n. 109 . 

Oahu H 3 nyrefi, KOTopbiM ocymecTBJiaeTca #ejieHHe aaep npH qeri- 
hoh a^epHOH peaKqHH, BbirjiajjHT Tax: ypaH 2 £U 3axBaTbiBaa Me;uieH- 
HbiH HefipoH n, pacnaaaeTca Ha £Ba pauHoaKTHBHbix ocKoma - ue 3 HH 
'HCs h pyOHAHH 37 Rb > h HecKojibKO HeHTpOHOB. Ockojikh nperepne- 
BaiOT uenoHKy /^-pacnanoB, conpoBO^naeMbix /-H 3 JiyHeHHeM. KoHenHbie 
npo.ayKTbi - pepHH x ^Ce h hhpkohhh ^Zr . 3 anHiUHTe Bee ceMb 5 mep- 
Htix peaKUHH. 


YpoK 128. TepMOH^epHbie peaKUHH 

Ifejit: paccKa3aTb o TepMOJUjepHOH peaiojHH 

Xoa ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II* npOBeaeHHe caMOCTOflTejibHoit pa6oTbi 

Bap ua urn I 

1. fl^epHbie cHjibi b aTOMHOM 5mpe MoryT npoaBjiaTbca KaK... (mom- 
ko kqk cwibi npuMHJtcenun). 

2. EcJIH 6w AeHCTBOBajIH TOJIbKO KyjIOHOBCKHe CHJlbl, TO... (fldpo pa3- 
nemejiocb 6bi). 

3. KaxHe peaKUHH Ha3biBaiOTC» a^epHbiMH? (H3MenenuH amoMHux 
ndep npu 63aiiModeucmeuu ux c sjieMenmapHbiMu nacmuifOMU unu dpya c 
dpyaoM.) 

4. npH peaxqHH aejieHHfl a^ep 2 ^U BbmejiHJiocb 1.204.10 25 MsB 

3HeprHH. Onpe^ejiHTe Maccy pacnaBineroca ypaHa, ecjin npH ^ejieHHH 
o^Horo 5wpa Bbmejiaerca 200 MsB 3HeprHH. (235 a.) 
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5. J \ jix npoTeicaHHx ynpaanaeMOH XAepHOH uermoH peaKUHH HeoOxo- 
ammo, MTo6bi K03^HUHeHT pa3MHO»ceHH5i HeihpoHOB 6biJi... (paeeH 1). 

6. *IeM onpeAejixeTcx KpHTHiecfcax Macca? ( BudoM ndepnozo zopio- 
H620, 3aMednumejieM , KOHcmpyKmuenbiMu ocoGenHoemHMu.) 

1 , rioneMy HeihpOHbi jienco npoHHKaiOT b xapo aTOMOB? (B eudy om- 
cymcmsim y neumpoHoe 3apnda.) 

Bapuattm II 

1. y CTOHMKBOCTb XApa oOyCJIOBJieHa HaJIHHHeM ^Byx KOHKypHpyiO- 
mHX chji — ... (ciui npumnotcenun (ndepHbtx) u om man KueaH un (icynoHoe- 
ckux ).) 

2. Ecjih 6u ^eHCTBOBajiH xojibico «AepHbie cnjibr, to... (ndpo nodoGno 
nepuou dbipe, ancanocb Gbi.) 

3. npH 3axaaTe xapom rooxona cbo6oahoix> HeihpoHa oho ne- 
pexo^HT b B036y»cixeHHoe cocTOHHHe. y Hero yMeHbiuaeTcx yAeubHax 
3Heprnx cb«3h. ftjxpo Ae<j>opMHpyeTCX, uamumer xojieOaTbcx h AejiHTbex 
Ha nacTH non AencTBHeM. . . ( xynoHoecKux cuji.) 

4. Kax B3aHMOAeHCTByer ab a Heinpoka? (TlpummueatomcH nod deu- 
cmeueM ndepHbtx cun.) 

5. ^to Ha3biBaeTC« koo^x^huhchtom pa3MHO)*ceHH« HeihpoHOB? (Om- 
uomeHue nucna neumponoe e kokom-jiuGo noxonenuu k nucny neumponoe 
npedmecmeyioufux noKoneuuu .) 

6. n P H AejienHH oahoid xApa H30Tona ocBoOoxcaaexcx 200 MaB. 
Katcoe kojihhcctbo 3HeprHH BbmejiHxcx npw acjichhh Bcex xAep ypaHa 
Maccofi 10 K r? (2. 123. 10 27 MsB.) 

1. KaKOBbi ycjiOBHX bo3hhkhobchhx h nporeicaHHX uennoH peaxuHH 
npH ACJieHHH TJDxejibix XAep aTOMOB? (Kosffxputiuenm pasMUODtcenwi 
neumponoe donotceu 6bimb paeeH unu Gonbuie l . PanMepbi atcmuenou 
30Hbi donotCHbi 6bimb He Menee Kpummectcou, Macca dennu^ezocn eeu(e- 
cmea - He Meubuie Kpummecicou .) 

TO. fkyHemie iioeoro MaTepH&na 

JlerKHe XApa Moiyr cjiHBaTbcx c BbmenenHeM 3HeprHH. Macca XApa 
rejiHx 3HanHTenbHO MeHbine cyMMbi mbcc noicox AByx XAep Txacejioro 
BO^opoAa, Ha KOTOpue moxcho paa^ejinTb xApo reJiHx. 

ripH cjihxhhh xAep Macca noKox yMeHbinaeTcx, h, cjieflOBaTejibHO, 
AOJDKHa Bw^euHTbcx 3HaHHxejibHax 3HeprHX. riofloOHoro po^a peaxuHH 
CiiHXHHX JiencHX XAep Moiyr nporexaTb npn onenb bmcokhx TCMnepaTy- 
pax H Ha3bIBaiOTCX TCpMOXAepHUMH. 

TepMOXAepHue peaxuHH - axo peaxunx cjihxhhx jierKHx x^ep npH 
OHCHb BbicoKOH xeMnepaiype. 




380 noypovHbie pa3pa6omKU k yvedHUKy V.9\. M»Kumeaa, B.B Byxoeu,eea 


J \ Jia CJIHHHHH Heo6xO^HMO, HT 06 bI OHH c6jIH3HJIHCb Ha paCCTOHHHH 
10' 12 cm jjjix nonauaHHa b c^epy ^chctbhh auepHbix chjl 3TOMy npenaT- 
CTByiOT KyjTOHOBCKHe CHJIbl. 3HeprHa, KOTOpaH BblAeJWeTCH npH TepMO- 
auepHbix peaKUHax b pacneTe Ha ouhh HyioioH, npeBbimaeT yjjejibHyio 
3HeprHK), Bbiuenaioiuyioca npH ueriHbix peaKUHax ^ejieHHa a/iep. 

TepMOHAepHbie peaKUHH wrpaiOT pemaioiuyK) pojib b sbojuouhh Bce- 
jieHHOH. 3 bc3^m b ochobhom coctobt H3 Bo^opo^a. TeMnepaiypa BHyipu 
npoTexaiomeH peaKUHH c o6pa30BaHHeM rejina: 

\H + \H -> l He + + y , ho \ H He cymecTByeT. Ha pa3JiHHHbix cTa- 
flHaX pa3BHTH» 3Be3fl BblUBHraiOTCa pa3JIHHHbie UHKJlbl peaKUHH. KoHeu- 
hwm pe3ynbTaTOM HBJiaioTca jH . 

EaceceKynaHO b CojiHue okojio 600 MJip£ t Bojiopo^a npeBpamaeTca 
b rejiHH. Ho 3anaca Bouopoua b CojiHue AOCTaTOHHO Toro, htoGm 
oho HenpepbiBHo cbcthjio c toh >Ke moiuhoctlio eiue 10 10 jieT. 

OcymecTBJieHwe ynpaBjiaeMbix TepMoa^epHbix peaKUHH Ha 3eMJie 
cyjiHT HejioBenecTBy hobbih, npaKTHuecKH HencHepnaeMbiH hctohhhk 
3HeprHH. HaHGojiee nepcneKTHBHa peaKUHa 

B 3toh peaKUHH BbiuenaeTca SHeprna 17 MoB. OcHOBHaa Tpy^HOCTb 
coctoht b tom, *rro6br y/jepaeaTb njiasMy bbi cokoh Texmeparyphi anyTpu 
yCTBHOBKH Ha IIpOTaHCeHHH 0,1-1 C. EuHHCTBeHHblH CnOC 06 HCn0JIb30- 
BaTb MarHHTHbie nojia. OuHaKo 40 chx nop 3iy 3a^any peuiHTb He y^a- 
JlOCb. 

IV. 3 aKpenjieHHe myneHHoro Maxepnajia 

- KaKHe peaKUHH Ha3biBafOT xepMoa^epHbiMH? 

- HeM o6i>acHHTb, hto npH CHHTe3e jierKHX a^ep BbmenaeTca 3Hep- 
rna? 

- KaKOBbi ycjioBHa ocymecTBjieHHa TepMoa^epHOH peaKUHH? 

- npHBeAHre npHMepbi TepMoa^epHbix peaKUHH, HanniuHTe hx ypaB- 
HeHHa? 

- Hto uacT neuoBenecTBy ynpaBJiaeMaa TepMoa,aepHaa peaKUHa? 

V. IIojiBefleHHe HToroB ypoKa 
AotviauiHee 3a^aHHe 

§ 111 . 


YpoK 129. ^aepHbiii peaKTop 

LfeJib: o6bacHHTb npHHUHn AeucxBHa a/jepHoro peaKTOpa 




VpoK 129. fldepHbiu peaKmop 


381 


Xoa ypoKa 

I. OpraHH3aUH0HHbIH MOM6HT 

II. IIpoBepica AOMaumero lauairnfl. IIoBTopeHHe 

- PaccKaacHTe o MexaHH3Me npOTexaHna qeriHOH a^epHOH peaxuHH. 

- Hto Ha3tiBaeTca xpHTHHecxoH Maccofi ypaHa? 

- Bo3mo>kho jih npoTeKaHHe uenHOH peaxuHH, ecjiH Macca ypaHa 
MeHtrne xpHTHHecxoH? rioneMy? 

- Kax H^eT uenHaa ajjepHaa peaxuna b ypaHe, ecjiH ero Macca 6ojib- 
me xpHTHHecxoH? rioneMy? 

- 3a cneT KaKHX {^axropOB mo»ho yBejiHHHTb hhcjio cboGouhmx Hen- 
tpohob b Kycxe ypaHa, oOecnenHB TeM caMbiM bo3mo^chocti> npoTe- 
KaHHfl B HeM peaKUHH? 

III. HiyneHiie Hosoro iviaTepHajia 

Mjiepiibje peaKTopbi 

ripn uejieHHH Taacejibix a^ep o6pa3yeTca HecKOUbKO cboGouhmx Hefi- 
TpoHOB. 3to no3BOJiaeT opraHH30BaTb Tax Ha3biBaeMyio uenHyio peax- 
UHK), xor/ia HeHTpOHbi, pacnpocxpaHflBCb b cpeae, couepacamen Taacejiue 
3jieMeHTbi, MoryT Bbi3BaTb hx ueaeHHe c HcrrycKaHHeM HOBbix cboGoa- 
HblX HeHTpOHOB, ECJIH Cpejja TaKOBa, HTO HHCJIO BHOBb pO^KHaiOmHXCfl 
HeHTpoHOB yBejiHHHBaeTca, to npouecc aejieHHa naBHHOo6pa3Ho pacTeT. 
B cnynae, xorjia hhcjio HeitTpOHOB npn nocneuyiomnx jiejieHHax 
yMeHbmaeTca, ueimaa aaepHaa peaxuna 3aTyxaeT. 

ia noJiyneHHa CTauHOHapHOH uenHOH auepHOH peaxunn, OHeBHjjHO, 
Heo6xo,anMo co3^aTb Taxne ycJioBHa, htoGw xaacaoe aapo, norjioTHBmee 
HeftipoH, npn ueneHHH Bbiuejiajio b cpejmeM ouhh HeihpoH, nuymHH Ha 
uejieHne BToporo Taacejioro an pa. 

^uepHbiM peaxropoM Ha3biBaeTca yCTpoHCTBO, b kotopom ocymecTB- 
jiaeTCa h no/wepncHBaeTca ynpaB/iaeMaa uennan peaxuna neneHHa Hexo- 
Topbix Taacejibix anep. 

UenHaa anepHaa peaxuna b peaxTOpe MoaceT ocymecTBJiaTbca TOJibxo 
npn onpeueneHHOM xojiHnecTBe nenamuxca anep, xoTOpbie MoryT ne- 
HHTbca npn jijo6oh 3HeprHH HeHTpoHOB. H 3 nejianmxca MaTepHanoB 
BaacHenmHM HBJiaeTca H30Ton 2 9 \ 5 L/ , nojia xoTOporo b ecTecTBeHHOM 
ypaHe cocTaBJiaeT Bcero 0,714 %. 

^aepHbie peaxropbi b 3aBHCHM0CTH ot B3aHMHoro pa3MemeHHa ro- 
pionero h 3aMenJiHTejia nonpa3nejiaK)Tca Ha roMoreHHbie h reTeporeH- 
Hbie. B roMoreHHOM peaxTOpe axTHBHaa 30Ha npeneraBJiaeT co6oh ouho- 
pouHyio Maccy TonnHBa, 3aMenJiHTejia h TennoHOCHTejia b Bnne pacTBO- 
pa, CMecH hjih pacnaaBa. feTeporeHHbiM Ha3biBaeTca peaxrop, b kotopom 
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TonjiHBO b BH,ue 6jiokob hjih TeruiOBw^enaioiuHx c6opoK pa3MeuxeHO b 
3aMe.anHTejie, o6pa3ya b hcm npaBHJitHyio reoMerpHnecxyK) pewency. 

npH pa6oTe peaicropa b TeiuioBbiBO/iamHx sjieMenrax (TB3Jiax), a 
TaioKe bo Bcex ero xoHexpyxTHBHbix ojieMeirrax b paanHHHtix xojihhcct- 
sax Bbi^ejiaerca Temiora. OcofewocTb a^epworo peaicropa coctoht a 
tom, hto 34 % 3HcprnH jxeneHHX npeBpamaerca b TeruioTy npaxTHHecxM 
MraoeeHHo, t. e. 3 a BpeMa, b reneHHe xoToporo MomHOCTb peaxropa hjih 
ruiOTHOCTb MaTepwanoB b hcm He ycneBaer 3aMeTHO H3MeHHTbca. IIo3tDt 
My npH H3MeHeHHH moiuhocth peaxTopa TenjioBbmejieHHe cjieayer 6e3 
3ana3AUBaHH» 3a npoueccoM jjejieHHa ToiuiHBa. 

OflHaxo npH BuxjiioHeHHH peaxTopa, Korjia cxopocTb aejieHHa 
yMeHbmaeTca 6oaee hcm b /jecflTKH pa3, b hcm ocraioTca hctohhhxh 3a- 
naaatiBaiomero reiuioBbmeJieHHa (raMMa- h 6eTra-H3JiyHeHHe npo^yx- 
tob ^eJieHHa), KOTOpbie craHOBjrrca npeofwjaaaiomHMH- 

MoutHocTb aaepHoro peaxTopa nponopiiHOHaubHa ruiOTHOCTH noTOKa 
HeHTpOHOB B HCM, n03TOMy TeOpeTHHeCXH JlOCTHiKHMa JIK>6aM MOlUHOCTb. 
npaxTHHecxH ate npejiejibHaa MomHOCTb onpefleaaerca cxopocrbio ot- 
bom TeiuioTbi, BbmejiaeMOH b peaxTope. YflejibHbiH TemiocbeM b coBpe- 
MeHHbix 3HepreTHHecxHx peaxTOpax cocTaBJiaeT 1 O' 2 — 1 0 3 MBt/m 3 , b bhx- 
peBbix - 1 0 4 — 1 0 5 MBt/m 3 . 

Ot peaicropa TexuiOTa oTBoaHTCa pHpxyjiHpyiomHM nepe3 Hero Ten- 
aoHocHTeaeM. XapaicrepHOH oco6eHHOcn»H> peaxTopa aBJiaerca ocTa- 
TOHHoe renjiOBbmejieHHe nocjie npexpameHna peaxiiHH ^ejieHwa, hto 
T pe6yeT oTBO/ia TenjiOTbi b TeneHHe ;uiHTejibHoro BpeMeHH nocjie ocTa- 
hobkh peaxTopa. 

Xora MomHOCTb ocTaTOHHoro renjioBbiflejieHHa 3HaHHrejibHo MeHb- 
nie HOMHHajibHOH, uHpxyjiamw TeruiOHOCHTejia nepe3 peaxTop .aojiacHa 
o6ecnenHBaTb oneHb HaaeacHO, rax xax ocTETOHHoe reruiOBbmejieHHe 
peryjiHpOBaTb Henb3a. 

y^aaeHHe TeiuioHocHTejia H3 pa6oTaBuiero HexoTopoe BpeMa peax- 
Topa xaTeropHHecxH 3anpemeH0 bo H36eacaHwe nepeipeBa h noBpeacae- 
hhb TenjiOBbmejiaiomHX ojieMeHTos. 

y CTpOHCTBO 3HepreTHHeCKHX HAepHUX peaKTOpOB 

TaasHbiM 3JieMeHTOM a/iepHoro peaxropa aBJiaerca axrHBHaa 3ona. B 
Hen pa3MemaeTca a^epHoe TonjiHBO h ocymecTBJiaeTca uennaa peaxuna 
^ejieHHa. 

AxTHBHaa 30Ha npe/icTaBJiaeT co6oh coeoxynHOCTb onpeaejieHHbiM 
o6pa30M pa3MemeHHbix TeiuiOBbi^ejiaioiHHX 3jieMeHTOB, co^epacamnx 
a^epHoe tohjihbo. B peaxTOpax Ha TenaoBbix HeinpoHax Hcnojib3yeTca 
3aMeAJiHTejib. Hepe3 axTHBHyio 30Hy npoxaHHBaerca TenjiOHOCHTejib, 
oxjiaamaiouiHH TerniOBbmeJiaiomHe saeMeHTbi. B Hexoropbix THnax pe- 
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aicropoB pojib 3aMeaJiHTenH h TennoHOCHTena BbinojiHaeT oaho h to ace 
BemecTBO, HanpHMep, o6bmHaa hjih Taacejiaa BOAa. 

fljix ynpaBJieHHff pa6oTOH peaKTopa b aKTHBHyK) 30Hy BBOAaTca pe- 
ryjmpyioinHe CTep>KHH H3 MaTepnajioB, HMeiomHx 6ojibiiioe ceneHHe 
norjiomeHHfl HeinpoHOB. 

AKTHBHaa 30Ha 3HepreTHHecKHx peaicropOB oKpyaceHa OTpaacaTejieM 
HeHTpoHOB - caoeM Maxepnajia 3aMeAJiHTejia jxnx yMeHbmeHHa yreHKH 
HeHTpOHOB H3 aKTHBHOH 30HbI. KpOMe TOTO, 6jiarOAap5l OTpa^caTeJlIO 
npOHCXOAHT BblpaBHHBEHHe HeihpOHHOH nJlOTHOCTH h oHeproBbmejieHHa 
no o6i.eMy aKTHBHOH 3ohbi, hto no3BOJiaeT npn ashheix pa3Mepax 30Hbi 
nojrynuTb 6ojibinyio moihhoctl, ao6htbch 6ojiee paBHOMepHoro Bbiropa- 
HHii TonjiHBa, yBejjHHHTb npoAOJDKHTejibHOCTb pa6oTbi peaKTopa, 6e3 
neperpy3KH TonjiHBa h ynpocTHTb cncTeMy TenjiooTBOAa. AKTHBHaa 30- 
Ha, OTpaxcaTejib h Apyrne ajieMeHTbi pa3MemaioTCtf b reoMeTpHnecKOM 
KOpnyce hjih Ko>Kyxe, o6mhho OKpyaceHHOM 6HOjiorHHecKOH 3amHTon. 

OCHOBHOH KOHCTpyKTHBHOH J\C TaJlblO reTepOTCHHOH aKTHBHOH 30HbI 
aBjiaeTCfl tb3ji, b 3HaHHTejibHOH Mepe onpeAejunomHH ee HaAe)KHOCTb, 
pa3Mepbi h cxoHMOCTb. B 3HepreTHnecKHx peaKxopax, Kax npaBHJio, hc- 
no^b3yfOTca CTepameBbie tbsjili c toiuihbom b bhac npeccoBaHHbix Ta6- 
J1CTOK AByOKHCH ypaHa, 3aKJH04eHHbIX B ofiOJlOHKy H3 CTajlH HJIH UHpKO- 
HHeBoro cruiaBa. 

B TB3Jiax npoHexoAHT reHepauHfl ochobhoh aojih TeruioBOH aHeprHH 
h nepeAana ee TenjiOHOCHTejiK). Bojiee 90 % Been OHeprnn, ocbo6o>k- 
AaiomeHca npn AejieHHH Ta>Kejibix aaep, BbiAejiaeTca BHyxpb tbsjiob h 
otboahtca oSTeKaiomHM TB3Jibi TemiOHOCHTejieM . 3HeproHanpa>KeH- 
HOCTb BAepHoro TonjiHBa oneHb BbicoKa. YAeJibHoe TeruioBbiAejieHHe b 
aKTHBHOH 30He AOCTHTaeT 1 0 8 — 1 0 3 Bt/m 3 , B TO BpeMH KaK B COBpeMeHHbJX 
napoBbix KOTJiax oho He npeBbimaeT 1 0 7 Bt/m 3 . 

y cjiobhb paGoTbi tbojiob b 3HaHHTejibHoii Mepe onpeAejunoxca KOH- 
CTpyKUHen aKTHBHOH 30Hbi, KOTOpaa AO^Ha o6ecne4HBaTb npoeKTHyio 
reoMeTpHio pa3MemeHna tbojiob h Heo6xoAHMoe, c tohkh 3peHHa TeM- 
nepaxypHbix ycjioBHH pacnpeAejieHne TemiOHOCHTeJia. Hepe3 aKTHBHyK) 
30Hy npn pa6oxe peaxxopa H3 moihhocth aojdkch noAAepxcHBaTbca CTa- 
OnjibHbiH pacxoA TenjioHocnTejia, rapaHTHpyiomero HaAextHbw Teruio- 
otboa. AKTHBHaa 30Ha AOJHKHa 6biTb ocHameHa AaTHHKaM h BHyTpnpeaK- 
TopHoro KOHTpojia, KOTOpwe AafOT HH<J)opMauHK) o pacnpeAejieHHH 
moiahocth, HeHTpoHHoro noTOKa, TeMTiepaTypHbix ycjiOBHax tbsjiob h 
pacXOAe TemiOHOCHTeJie. npH KOHCTpynpOBaHHH aKTHBHOH 30HbI AOJl>K- 
Ha 6biTb npeAycMOTpeHa bo3mo5khoctb BBeAeHHa nornoTHTejia HeHTpo- 
HOB AJia npeKpameHHa uenHOH.peaKUHH b Jiio6bix cjiynaax, cBjnaHHbix c 
HapymeHHeM oxjiaacAeHHa aKTHBHOH 3ohbi. 
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KjiaccH(|iHKai|Hsi peaKTopoB 

Peaxxopbi KJiaccH(j)HUHpyK)T no ypoBHio 3Heprnn HenxpoHOB, ynacx- 
Byiomnx b peaKUHH AeaeHHa, no npHHunny pa3MemeHHa xonjiHBa h 3a- 
MeAJiHxeJia. UejieBOMy Ha3HaneHHio, BH^y 3aMeAHHxejia h xenjiOHOcnxe- 
Jia H HX <j)H3HHeCXOMy COCTOHHHK). 

Flo ypOBHio oHepreTHnecKHx HenxpoHOB peaxxopbi MOiyr pa6oxaTi» 
Ha 6ucxpbix HefrrpOHax, Ha xennoBbix h Ha HeiiTpoHax npoMeacyxoHHbix 
(pe30HaHCHbIx) OHeprHH H B COOXBeXCXBHH C 3THM flejlHTCH Ha peaKTOpbl 
Ha TenjiOBbix, 6biCTpbix h npoMeacyxoHHbix HeilxpoHax (HHor^a juix 
KpaTKOCTH HX Ha3bIBaiOX XeiUIOBblMH, 6bICTpbIMH H npOMeHCyXOHHblMli). 

B Hacxoamee BpeMa HaH6oJibinee pacnpocxpaHeHHe nojiynHjiH peax- 
xopbi Ha xennoBux HewxpOHax. j^na xennoBbix peaxxopOB xapaxxepHbi 

KOHi^eHXpauHH ^mepHoro xonJiHBa 2 ^t/ b skthehoh 30He ox 1 j\o 100 
kt/m 3 h HaJiHHHe OojibuiHx Macc 3aMeAJiHxeJia. Jia peaxxopa Ha 6bicx- 
pbix HenxpOHax xapaxxepHbi xoHueHXpaunH a^epHoro ToruiHBa 2 ^U 
hjih 2 H~U nopaAxa 1000 xr/M 3 h oxcyxcxBHe 3aMe^jiHxena b axxHBHOH 
30He. 

B peaxxopax Ha npoMexcyxoHHbix HeilxpoHax h b axxHBHOH 30He 3a- 
Me^miHxejia oneHb Majio, h xoHneHxpauna aAepHoro xonAHBa 2 £U b Heft 
ox 100 ao 1000 xt/m 3 . B 3aBHCHMOCXH ox cnoco6a pa3MemeHHa xonjiHBa 
b axxHBHOH 30He peaxxopbi Aejiaxca Ha roMoreHHbie h rexeporeHHbie. 

B roMoreHHOM peaxxope aAepHoe xomiHBO, xenjioHocHxejib h 3aM eA- 
jmxejib (ecjiH ohh ecxb) xmaxejibHO nepeMeiiiaHbi h HaxoAaxca b o^hom 
( j)H3HH ec XO M COCXOJIHHH, X. t. aXXHBHaa 30Ha nOJIHOCXbK) rOMOreHHOrO 
peaxxopa npeflcxaBjiaex acHAxyio, xBepAyio hjih ra30o6pa3nyio oahopoa- 
Hyio CMecb aAepHoro xonjiHBa, xenjioHocnxejia hjih 3aMeAJwxeAa. Tomo- 
reHHbie peaxxopbi Moryx 6bixb xax Ha xennoBbix, xax h Ha 6bicxpbix nen- 
xpoHax. O^Haxo roMoreHHbie peaxxopbi HMeiox cepbe3Hbie HeAoexaxxn. 
roMoreHHaa CMecb, unpxyjiHpyiomaa no xoHxypy, Hcnycxaex CHJibHoe 
pa^HoaxxHBHoe H3jiyHeHne, nxo xpeGyex AonoAHHxenbHOH 3amnxbi h 
ycjio^xHaex ynpaBJieHHe peaxxopOM. ToJibxo nacxb xonjiHBa HaxoAnxca b 
peaxxope h cjiyacHX ajm Bbipa6oxxn 3HepmH, a Apyraa nacxb - bo BHein- 
hkx xpyGonpoBOAax, xenjioo6MeHHHxax h Hacocax. 

U,HpxyjiHpyiomaa CMecb Bbi3bmaex CHJibHyio xoppo3Hio h 3p03Hio 
CHexeM h ycTpOHCXB peaxxopa h xornypa. 06pa30BaHne b roMoreHHOM 
peaxxope b pe3yjibxaxe paAHOjiH3a boam B3pHBOonacHOH rpeMynen CMe- 
ch xpeGyex ycxpowcxB a Aa ee AoacnraHHa. Bee oxo npHBeuo x xoMy, hxo 
roMoreHHbie peaxxopbi He nojiynnjiH innpoxoro pacnpocxpaHeHHa. 

B rexeporeHHOM peaxxope xomiHBo b BHAe Gjioxob pa3MemeHO b 3a- 
MeAJinxeAe, x. e. xonjiHBo h 3aMeAAHxejib npocxpaHcxBeHHO pa3AeaeHbi. 
B Hacxoamee BpeMa win 3HeprexHHecxnx qejien npoexxnpyiox xojibxo 
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reTeporeHHue peaKTopbi. il^epHoe TonjiHBo b TaKOM peaKTope Mo^ceT 
HCn0JIL30BaTbC« B ra3006pa3H0M, JKH£KOM H TBepflOM COCTOJIHHflX. 0£- 
HaKo cewnac reTeporeHHbie peaKTopbi pa6oTaioT tojibko Ha TBep^oM to- 
njiHBe. 

B 3aBHCHM0CTn ot 3aMe/uiaiomero BemecTBa reTeporeHHbie peaKTo- 
pbi Aejiaxca na rpa<J)HTOBLie, jierKOBo/raHbie, THJKejiOBO^HLie h opraHHne- 
cKHe. no BHfly TeruiOHOCHTejia reTeporeHHbie peaKTopbi 6wBaK)T jienco- 
BojyiHwe, TBiKenoBO^Hbie, rnoBbie h acHAKOMeTajuiHHecKHe. 

DKhakhc TenjioHocHrejiH BHyTpn peaicropa MoryT 6 biti> b o,HHO(()a3- 
hom h ;jByx<t)a3HOM cocTOBHHiix. B nepBOM cjiynae TenjiOHOCHTejib BHyr- 
pH peaicropa He khtiht, a bo btopom - khiiht. 

PeaKTopw, b aKTHBHOH 30He KOTOpbix TeMneparypa acH^Koro Tenjio- 
HOCHTejia HHHce TeMnepaTypbi KHneHHa, Ha3biBafOTca peaKTopaMH c bo- 
AOh noa AaBJieHHeM, a peaKTopbi, BHyTpH KOTOpbix npOHCxojjHT KHneHne 
TennoHocHTejia, - KHnamHMH. 

B 3aBHCHM0CTH ot Ha3HaneHHH ajjepHbie peaicropbi GbiBaiOT 3Hepre- 
TH4CCKHMH, KOHBepTOpaMH H p33MHO)KHTeJiaMH, HCC JiejJOBaTe JIbC KHM H H 
MHOrOHeJieBbIMH, TpaHCnOpTHbIMH H npOMbllHJieHHblMH. 

^epHbie 3HepreTHHecKHe peaicropbi Hcnojib3yiOTca m ia BbipaSoTKH 
3JieKTp03HeprHH Ha aTOMHbIX 3JieKTp0CTaHUH5IX, B CynOBbIX 3HepreTHHe- 
ckhx ycTaHOBKax, Ha aTOMHbix TenjiosjieKTpoueHTpajlax (T3LJ), a TaioKe 
Ha aTOMHbix cTam;Hflx TenjiocHa6>KeHHa (ACT). 

Peaicropbi, npe,aHa3HaHeHHbie jjna npoH3Bo,ncTBa BTopHHHoro ariep- 
hoto ToruiHBa H3 npiipojiHoro ypaHa h Topna, Ha3bmaioTCH ko h BepTopa- 
MH HJIH pa3MH0>KHTeiIHMH. B peaKTOpe-KOHBepTOpe BTOpHHHOrO SmepHO- 
ro TOiuiHBa o6pa3yeTca MeHbine nepBOHanajibHO H3pacxo^oBaHHoro. 

B peaKT0pe-pa3MH0>KHTejie ocyuiecTBjiaerca pacuiHpeHHoe Bocnpo- 
H3boactbo anepHoro TonJiHBa, t. e. ero nojiynaeTca Sojibiue, HeM 6bUio 
3aTpaneH0. 

Hccjie^oBaTejibCKne peaicropbi cnyacaT .zyia HccneflOBaHHH nponeccoB 
B3aHMO,neHCTBHa HeflTpoHOB c BemecTBOM, H3y4eHHa noBe^eHHa peax- 
TopHbix MaTepHajioB b HHTeHCHBHbix noaax HeHTpoHHoro h raMMa- 
H3Jiy4eHHH, paAH0XHMH4eCKHX H 6HOJIOrH4eCKHX HCCJie,aOBaHHH, npOH3- 
Bo^CTBa H30TonoB, 3KcnepHMeHTajibHoro Hccne^OBaHHa <{)H3hkh a/iep- 
HbIX peaKTOpOB. 

PeaKTOpbl HMeiOT pa3JIH4HyiO MOUIHOCTb, CTaiJHOHapHblH HJIH HM- 
nyjibCHbiii peacHM paGoTbi. 

MHoronejieBbiMH Ha3biBaioTca peaicropbi, cjiyacauwe ryia HecKOJibKHx 
Hejieii, HanpHMep, jyisi o6pa6oTKH 3HeprHH h nojiyneHHa aaepHoro Ton- 
jiHBa. 


13 B. A. Bojikob 
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SHepreTMHecKaa npo6neMa - ouHa h 3 Ba^KHeHUinx npoSneM, xoTopbie 
cero^HA npHxoziHTCfl pernaxb HeuoBenecTBy. Yace CTajiH npHBbmHbiMH 
TaKHe JJOCTHHCeHHfl HayKH H TeXHHKH, KaK Cpe^CTBa MTHOBCHHOH CB5I3H, 

SticTpbiH TpaHcnopT, ocBoeHHe xocMHHecxoro npocTpaHCTBa. Ho Bee 3 to 
T peGyeT orpoMHbix 3aTpaT 3HeprHH. Pe3KHH pocT npoH3BOucTBa h no- 
TpefijieHHfl 3HeprHH BbiUBHHyji HOByio ocTpyio npo6jieMy 3arpH3HeHHJi 
ORpy^Kaiomefi cpeubi, KOTOpoe npeACTaBJUieT cepbe3Hyio onacnocTb n jib 
qeJioBCHecTBa. 

MnpOBbie 3HepreTHHecKHe noTpeOHOCTH b 6jiH)xaHmHe ^ecaTHJieTHJi 
6y^yT HHTeHCHBHO B03paCTaTb. KaKOH-JlH6o O^HH HCTOHHHK 3HepTHH He 
CMoaceT hx oSecneHHTb, noaTOMy hcoOxo^hmo pa3BHBaTb Bee hctohhhxh 
3HeprHH h 3(J)(J)eKTHBH0 Hcnojib30BaTb 3HepreTHHecKHe pecypcbL 

Ha O/iHXcaHiueM 3Tane pa3BHTHB 3HepreTHKH h nepBbie uecaTHJieTHB 
XXI b. HaHSo/iee nepcnexTHBHbiMH ocTaHyTca yrojibHaa 3HepreTHKa h 
fl^epHaa 3HepreTKa c peaKTOpaMH Ha TeruiOBbix h ObicTpbix HeHTpOHax. 

IV. 3aKpenjieHHe H3yneHHoro MaTepnajia 

- Hto Ha3biBaioT BJiepHbiM peaKTOpoM? 

- Hto BBJiaeTca auepHbiM ropiOHHM b peaxTope? 

- Kaxoe BemecTBO cjiy>KHT 3aMeujiHTejieM HeihpoHOB b auepHOM pe- 
aKTope? 

- KaxoBo Ha3HaneHHe 3aMe/uiHTejia HeHTpoHOB? 

- Hto Hcnojib3yeTca b xanecTBe TeiuioHOCHTejiB b auepHbix peaxTO- 
pax? 

- Hto Hcnojib3yeTca b chctcmc ynpaBJieHHB xouom uenHOH auepHOH 
peaKUHH ueneHHa? 

- Hto npHMeHxeTcx b CHCTeMe OnojiorHHecKOH 3amHTbi ot noToxa 
HeiiTpOHOB h raMMa-H3JiyHeHHsi, B03HHKaK>mnx b peaxrope? 

^OMauiHee 3a/jaHHe 

IIpOHHTaTb H BbiyHHTb n. 110. 

OrBeTHTb Ha Bonpoc MHKpoTexcTa: 

JIuepHbie peaxTopbi Ha ObicTpbix HenrpoHax Ha3biBaioT peaxTopaMH- 
pa3MHO^KHTeJlHMH. Hto pa3MHO)KaK)T TaKHe peaKTOpbl? 

a) aAepHoe ropTouee; 

6) HeiiTpoHbi; 

b) Ha 3thx pearropax pa3roHJiK)T HeHTpoHbi uo TaxHX cxopocTeft, 
npH KOTOpwx ohh MoryT ocymecTBJiaTb nenHbie a/iepHbie peaK- 
UHH, t. e. pa3MHO^xaTbCB. 

JlonojiHHTejibHbiH MaTepnaji 
Atomhmh peaKTop 

H^epHbiH peaKTop - 3T0 TexHHHecxaa ycTaHOBxa, b xcrropoH ocymecTBJia- 
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ercH caMono;wep}KHBaK>ma*Cfl qenHaa peaKAHji acachha TjoiceAbix AAep c ocbo- 
603KAeHHeM fl^epHOH 3HeprHH. ^epHblH peaKTOp COCTOHT H3 aKTHBHOH 30HbI w 
oTpa)KaTejTj?, pa3MemeHHbix b 3aujHTHOM Kopnyce. AKTHBHaa 30Ha coAepxcHT 
BAepHOe TOIU1HBO B BHAe TOITJIHBHOH K0MI103HUHH B 3aiUHTHOM nOKpbITHH H 3a- 
MCAAHTCAb. TOflJlHBHbie 3ACMeHTbl o6bIHHO HMeiOT BHA TOHKHX cTepacHefi. Ohm 
coSpaHbj b nyMKH h 3aKAK>qeHbi b nexAbi. TaKHe c6opHbie KOMno3HUHH Ha3bma- 
toTCfi c6opKaMH hah KacceraMH. 

BAOAb TOrUlHBHbIX 3ACMCHTOB ABHra€TCB TenAOHOCHTCAb, KOTOpblH BOCnpH- 
HHMaeT Tenao jiAepHbix npeBpameHHH. HarperbiK b aKTHBHOH 30He TenAOHocH- 
TeAb ABHraeTCB no xornypy UHpxyAJiuHH 3 a cner pa6oTbi HacocoB ah 6 o noA Aefi- 
CTBHeM cha ApxHMeAa h, npoxoAfl nepe3 TenAoo6MeHHHK, ah 6 o naporeHepaTop, 
oTAaer TenAo TeriAOHocHTeAio BHemHero KOHTypa. 

IlepeHoc TenAa h abh^kchha ero HocuTeAefi moacho npeACTaBHTb b bhac npo- 
ctoh cxeMbi: 



1 . PeaKxop 

2. TenAooSMeHHHK, naporeHepaTop 

3. flapoTypSHHHafl ycTaHOBKa 

4. TeHepaTop 

5. KoHAeHcaTOp 

6. Hacoc 


Puc. 106 


npofrieMbl pa3BHTHH 3 HepreTHKH 

Pa3BHTHe HHAycTpHaAbHoro o6iueCTBa onnpaercfl Ha iioctoahho pacTymHH 
ypOBeHb npoH3BOACTBa h noTpeSAeHHfl pa3AHHHbix bhaob 3HeprnH. 

KaK H3BCCTHO, B OCHOBe npOH3BOACTBa TenAOBOH H 3AeKTpHMCCKOH 3HeprHH 
AexcHT npouecc cxcHraHHA wcxonaeMbix 3HepropecypcoB: yraa; hc<|)th; ra3a, a b 
aTOMHon 3HepreTHKe - acachhc «Aep aTOMOB ypaHa h ruiyToHHA npH norAome- 
HHH HeHTpOHOB. 

MaciuTaG ao^umh h pacxoAoeaHHA Hcxonaewbix 3HepropecypcoB, MeTanAOB, 
noTpeSAeHHA boah, B03Ayxa a npoH3BOACTBa Heo6xoAHMoro HeAOBenecTBy 
KOAHHecTBa 3HeprHH orpoMeH, a 3anacw pecypcoB, yBbi, orpaHHMeHbi. Oco6chho 
ocTpo ctoht npo6AeMa 6bicTporo HcnepnaHHA 3anacoB opraHHHecKHx npnpoA- 
Hbix 3Hepropecypcos. 


YpoK 130, ATOMHan 3HepreTHKa 

Lfejib: noKa3aTb HeoGxoAHMOCTb Taxon oTpacnn xax aTOMHaa 3Hepre 
THK3. 


13 
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Xon ypoKa 

I. OpraHH3ai|HOHHi>iif momcht 

II. IIpoBepKa aoMauiHero 3 aaaHHa. IIoBTOpeHHe 

- Mto TaKoe JwepHbiH peaKTop? 

- B hcm aaKjifonaeTca ynpaBJieHHe aaepHOH peaKUHeft? 

- Ha30BHTe ocHOBHbie nacTH peaieropa. 

~ Mto HaXO^HTCJI B aKTHBHOH 30 He? 

- Hero HyacHo, hto6u Macca Kaacaoro ypaHOBoro CTep>KHa 6biJia 
MeHBLUe KpHTHHeCKOH waccbi? 

- Ana nero HyacHbi peryjinpyiomHe CTep)KHH? Ka k hmh nojib3yiOTca? 

- KaicyK) BTopyio ((>yHKUHK> (iiomhmo 3 aMeajieHna HeihpoHOB) bbi- 
nojiHaeT Boaa b nepBOM KOHType peaKTOpa? 

- Kaicne npoijeccbi nponcxo^aT bo BTOpOM KOHType? 

- KaKHe npeo 6 pa 30 BaHwa 3 Heprnn npowcxoaaT npw nojiyneHHH auex- 
TpHHeCKOrO TOKa Ha aTOMHBIX 3 JieKTpOCTaHUHHX? 

III. H3yneHHe Hosoro MaTepuajia 

Haepnaa 3HepreTHKa 

TTpHMeHeHHe aaepHoif 3HeprHH aJia npeo6pa30BaHHa ee b 3jieKTpHHe- 
CKyio BnepBbie 6bino ocymecTBjieHo b Hauien CTpaHe b 1954 r. B r. 06- 
HHHCKe 6bma BBeaeHa b aeficTBHe nepBaa aTOMHaa ajieKTpocTaHUHa 
(A3C) MomHOCTbio 5000 Bt. 3Heprwa, Bbiaejiaiomaaca b aaepHOM peax- 
Tope, Hcnoui>30Bajiacb ajia npeBpameHHa Boabi b nap, xoTopbin Bpamaji 
3aTeM CBa3aHHyK) c reHepaTopOM Typ6nHy. no TaxoMy ace npHHunny 
aeficTByioT BBe^eHHtie b sxcnnyaTauHio HoBOBOpoHoxcxaa, JleHHHrpaa- 
cxaa, Kypcxaa, Kojibcxaa n apyrne A3C. PeaxTopw 3thx cTaHUHH HMe- 
IOT MOIIJHOCTbK) 500-10000 MBt. 

ATOMHbie 3 jieKTpocTaHUHH CTpoaTca, npeacae Bcero, b eBponewcxoH 
nacTH CTpaHbi. 3 to CBa3aHo c npenMymecTBaMH A3C no cpaBHeHHio c 
TenjioBbiMH anexTpocTaHUHaMH, pa6oTatoinHMH Ha opraHHHecKOM ron- 
jiHBe. ilaepHbie peaxTOpu He noTpe6:iaiOT ^e(J)HUHTHoro opraHHHecxoro 
TonuHBa h He 3arpy>xaiOT nepeB03xaMH yrna aceae3Hoaopo>KHbiH TpaHC- 
nopT. 

ATOMHbie 3JieKTpocTaHUHH He noTpeOjiaioT aTMOc^epHbiii xncaopoa 
h He 3acopaiOT cpeay 30 jioh h npoayxTaMH cropaHna. Oawaxo pa3Meme- 
HHe A3C b rycTOHacejieHHbix o6jiacTax TaHT b ce6e noTeHunajibHyio 
yrp03y. 

B peaKTOpax Ha TenaoBbix (t. e. MeaJieHHbix) HetfTpoHax ypaH hc- 
nojib3yeTca jinuib Ha 1-2 %. IIojiHoe Hcnojib30BaHne ypaHa aocTHraeTca 
b peaKTOpax Ha 6wcTpbix HeHTpoHax, b KOTopbix o6ecneHHBaeTca Taxace 
Bocnpon3BoacTBO hoboto aaepHoro ropionero b BHae njiyTOHna. 
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B 1980 r. Ha EejioapCKOH A3 C coctosacji nyCK nepBoro b Mupe pe- 
aicropa Ha 6bicxpLix HeihpoHax moiuhoctbio 600 Mbt. 

JIflepHOH 3HepreTHKe, KaK h MHorHM ApyrHM oTpacjiHM npoMbiniJieH- 
hocth, npHcymn Bpe/jHbie hjih onacHLie (jjaicropBi B03AeHCTBH*i Ha ok- 
pyacaiomyio cpeAy. HanGojibuiyio noTeHunajibHyio onacHOCTb npe^CTaB- 
jiaeT pa^HoaKTHBHoe 3arp^3HeHne. Cjio^KHBie npo6jieMM B03HHKaiOT c 

3aXOpOHCHHeM paAHOaKTHBHblX OTXO^OB H ^eMOHTa>KeM OTCJiy^KHBIHHX 

cboh cpOK A3C. CpoK hx cjiyac6bi okojio 20 JieT, nocjie Hero BoccxaHOB- 
jieHHe CTaHUHH H3-3a MHorojierHero B03AeHCTBHa pa^naHHH Ha MaTe- 
pHaJILI KOHCTpy KHHH HeB03M0»CH0. 

A3C npoeKTHpyeTCji c pacnexoM Ha MaKCHMajibHyio 6e3onacHocxb 
nepcoHajia cxaHHHH h HacejieHH5i. Onbix 3KcnjiyaxauHH A3 C bo BceM 
MHpe noKa3biBaex, hxo 6noc<j)epa HaAeacHO 3amnmeHa 0T paAHoaKTHBHo- 
ro B03ACHCTBHH npe/jnpH5IXHH HAepHOH 3HepreXHKH B HOpMaJIbHOM pe- 
acHMe 3KcnjiyaxaHHH. 

O^Haxo B3pbiB nexBepxoro peaxxopa Ha HepHoGwjibCKOH A3C noica- 
3aji, hxo phck pa3pymeHH« aKXHBHOH 30Hbi peaKxopa H3-3a oihhGok nep- 
coHana h npocnexoB b KOHcxpyiojHH peaxxopoB ocxaexcH peajibHocTbio. 

riooxoMy npHHHMaioxcfl CTpoacaHiiiHe Mepbi ajih CHHflceHHa 3xoro 
pncxa, ^aepHbie peaKxopti ycxaHaBjiHBaioxc^ Ha axoMHbix hoaboahbix 
jiOAxax h jiejioKOjiax. 


flAepnoe opy^KHe 

HeynpaBjineMaa uenHaa peaKuna c 6ojibuiHM K03<(>(|)Hi;HeHTOM pa3- 
MHoaceHHa HenxpOHOB ocymecxBJiaexcH b axoMHoft 6o\i6e. 

Jlsin xoro hxo 6 bi npoHcxo^HJio nonxn MrHOBeHHoe BbmejieHHe 3Hep- 
THH (B3pbIB), peaKUH« AOJDKHa HATH Ha GbICTpbIX HeHTpOHaX (6e3 npHMe- 
HeHHa 3aMeAJiHTeneH). B3pbiBHaxbiM BemecTBOM cny^cHT hhctbih ypaH 

2 g2 U HJIH nJiyTOHHH 2 llPu . 

HtoGbi Mor npoH30HTH B3pbiB, pa3Mepw Aemimerocji MaTepnajia 
AOjokhw npeBbimaTb KpHTHnecKHe. 3 to AocTiiraexcH jih 6 o nyTeM 6 hct- 
poro coeAHHeHHfl A»yx xycxoB Aeiumjerocii Marepnajia c AoxpHTHne- 
ckhmh pa3MepaMH, jih 6 o ace 3a cneT pe3Koro cacaTHH OAHoro xycxa ao 
pa3MepoB, npH KOTopbix yTeHxa HeiiTpoHOB nepe3 noBepxHOCTb naAaex 
HaCTOJIbKO, HTO pa3MepbI Kycxa OKa3bIBaiOTCH HaAKpHTHHeCKHMH. H TO, H 
Apyroe ocyuiecTBJT5TexcH c noMombio o6biHHbix B3pbiBHaTbix BemecTB. 
npH B3pbiBe 6 om 6 h TeMnepaTypa AOCTHraeT accatkob mhjljihohob xenb- 
bhh. npH Taxon TeMnepaType pe3xo noBbimaeTca AaBjieHne h o6pa3yeT- 
C5I MOIAHas B3pbIBHaH BOAHa. OAHOBpeMeHHO B03HHKaeT MOIIJHOe H3Jiy- 
neHHe. ripoAyKTbi ijenHOH peaxijHH npH B3pwBe 6 om 6 m cnjibHO paAHO- 
aKTHBHbl H OnaCHbl AJia aCHBbIX OpraHH3MOB. 
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ATOMHue 6 om6ej 6mjih npHMeHeHbi CLIIA b KOHue Btopoh mhpoboh 
BOHHbi npoTHB UnoHHH. B aBrycre 1945 r. 6 buih c6pouieHbi aTOMHbie 
6om6u Ha jmoHCKHe ropoAa XnpocHMa h HaracaicH. 

B TepMoa^epHOH (bo/jopoahoh) 6oM6e hctohhhkom 3HeprHH, KOTopaa 
Heo6xo^HMa ajw TepMo«AepHoro cHnre3a, cjiy>KHT B3pwB aTOMHOH 6 om6w 
( ypaHOBOH hjih ruiyTOHHeBO h), nowemenHOH BHyrpH TepMo^epHOH. 

HeipHBHajiLHbiM pemeHHeM oica3ajiocb to, npH kotopom B3puB 
aTOMHOH 6 om6bi Hcnojii>3yeTCJi He jy ia noBtrmeHH* TeMnepaiypti, a ajiji 
CHJ itHeHmero c^araa TepMoa^epHoro ToruiHBa H3JiyHeHHeM, o6pa3yio- 
iAHMca npw B3pbiBe btomhoh 6om6w. 

B Harnett CTpaHe ocHOBHue HAen co3AaHwr TepMOJmepHoro B3pbrea 
6buiH BbmBHHyrw A.fl. CaxapoBWM. 

IV. 3aKpenjieHue mynemioro MaTepuajia 

- B CBA3H C HeM B Cepe^HHe XX B. B03HHKJia Heo6xOAHMOCTb Ha- 
XO)K^eHHa HOBbIX HCTOHHHKOB OHepTHH? 

- Ha30BHTe A»a ochobhux npeHMymecTsa A3C nepeA T3C. 

- Ha30BHTe TpH ocHOBHbie npo6jieMbi coBpeMeHHofi btomhoh 3Hep- 
reTHKH. 

- npHBeflHTe npHMepbi nyreH pemeHHa npoSjieM aroMHow 3Hepre- 

THKH. 

V. I lo;iBe;tenHe htotob ypoKa 

/Jo Maumee 3aaaHHe 

npOHHTaTb h BuyHHTb MaTepwaji n. 112. 


YpoK 131. EHOJioruMecKoe jjeHCTBHe 

pa^HOaKTHBHOrO H3JiyHeHH$l 

Lfe/ib: ^0Ka3aTb HeoSxoAHMocib 3am,HTbi ot H3JiyHeHH5i. 

Xoa ypoKa 

I. OpraHH3ai|H0HHblH MOMCHT 

II. IlpoeepKa aoMauiHero laaamifl. HoBiopeHne 

~ B CBH3H, C HeM B CepeAHHe XX B. B03HHKAa HeoGxO^HMOCTb Ha- 
XOXCaeHHB HOBbIX HCTOHHHKOB SHOprHH? 

- Ha30BHTe £Ba ocHOBHbix npeHMymecTBa A3C nepeA T3C. 

- Ha30BHTe TpH npHHUHnHajibHbie npo6jieMbi coBpeMeHHOH aTOM- 
HOH 3HepreTHKH? 

- npHBeAHTe npHMepu nyreH pemeHHa npo6jieM aTOMHOH 3Hepre- 

THKH. 




ypot< 131. Buonozmectfoe deucmeue paduoaKmuenoao uanyveHua 391 

III. Il3y*ieHMe Hosoro MaTepwaJia 

Bo3AeficTBHe aTOMHbix cTaHUHH Ha OKpyrcaiomyio cpeAy 

TexHoreHHoe B03ACHCTBHe Ha oKpyxcaioiuyio cpeAy npw cTpOHTejiL- 
CTBe h 3KcruiyaTauHH aTOMHbix sxeKTpocTaHUHH MHoroo6pa3eH. OSbihho 
TOBO pHT, HTO HMeiOTCfl (j)H3HHeCKHe, XHMHHeCKHe, paAHaHKOHHbie H Apy- 
rne <j)aKTOpbi TexHoreHHoro bo3A£hctbhh 3KcnnyaTauHH A3C Ha oObex- 
tw oKpyxcaiomeH cpeAbi. 

Han6oAee cymecxBeHHbie (f>aKxopbi: 

- jioKajibHoe MexaHunecKoe B03AeHCTBHe Ha penbecj) npn CTpoH- 
TejibCTBe; 

- CTOK HOBepXHOCTHblX H rpyHTOBbIX BOA, COAep>KamHX XHMHHe- 
CKHe h pa/iHoaKTHBHbie KOMnoHeHTbi; 

- H3MeneHHe xapaicrepa 3eMAen0Ab30BaHHA h oSvieHHbix npouec- 
cob b HenocpeACTBeHHOH 6jih30cth ot A3C; 

- H3MeHeHHe MHKpOKAHMaTHHeCKHX XapaKTepHCTHK npHJiejKailXHX 
paHOHOB. 

Bo3HHKHOBeHHe MomHbix hctohhhkob Tenjia b BHAe rpaAHpeH, BOAO- 
eMOB-oxAaAHTeAen npn 3KcnAyaTauHH A3C oGmhho 3aMeTHbiM o6pa30M 
H3MeHHeT MHKpOKJIHMaTHHeCKHe XapaKTepHCTHKH npHJieXCamHX paH- 
OHOB. J^BHXceHHe boam b CHCTeMe BHeiuHero TenjioOTBOAa, c6pocbi Tex- 
HonorHHecKHX boa, coAepxcaiHHX pa3HOo6pa3Hbie XHMHHeCKHe KOMno- 
HeHTbi, 0Ka3biBaK)T TpaBMHpyiomee B03AeHCTBHe Ha nonyAHUHH xchbot- 
hwx, (J)Jiopy h 4>ayHy axocHcxeM. 

Oco6oe 3HaneHHe HMeeT pacnpocTpaHeHne paAHoaKTHBHbix BemecTB 
b oKpyxcaiomeM npocTpaHCTBe. B KOMnxexce CAOxcHbix BonpocoB no 
3amHTe OKpyxcaiomeH cpeAbi Goxbiuyio o6mecTBeHHyio 3HaHHMOCTb 
HMeioT npo6AeMbi 6e3onacHOCTH aTOMHbix CTaHUHH (AC), HAymnx Ha 
CMeHy TenAOBbiM cTaHijHflM Ha opraHHHecKOM HCKonaeMOM TonAHBe. 
06menpH3HaHHo, hto AC npn hx HopMaAbHOH 3KcnAyaTaijHH HaMHoro, 
He MeHee neM b 5-10 pa3, «HHme» b 3KonorHHecKOM othouichhh TenAO- 
bbjx 3AeKTpocxaHUHH (T3C) Ha yrAe. OAHaxo npn &Bap mx AC MoryT 
OKa3biBaTb cymecTBeHHoe paAHauHOHHoe B03ACHCTBHe Ha aioach, 3KO- 
CHCTeMbi. IIo3TOMy o6ecneneHHe 6e3onacHOCTH axoccfiepbi h 3amHTbi 
OKpyxcaiomeH cpeAbi ot Bp e ah six bo3AChctbhh AC - KpynHaa HaynHaa h 
T exHOAornnecKaa 3aAana aAepHOH 3HepreTHKH, o6ecneHHBaiomafl ee 
6yAymee. 

OTMeTHM B03M05KH0CTb HQ TOAbKO paAHaiJHOHHblX (fiaKTOpOB B03- 
MOXCHblX BpeAHbIX B03ACHCTBHH AC Ha 3KOCHCTeMy, HO H TenAOBoe H 
XHMHHecKoe 3arpH3HeHwe oRpyxcaiomeii cpeAbi, MexaHHnecKoe B03Aefi- 
CTBHe Ha 06 HTaTeAeH BOAOeMOB-OXAaAHTeAeH, H3MeHeHHH THApOAOrH- 
necKHx xapaKxepHCTHK npHAexcamwx k AC paHOHOB, t. e. Becb KOMnneKC 
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TexHoreHHbix B03jxencTBHH, BJiH»iomnx Ha 3KOJiorH4ecKoe 6jiaronojiy- 
HHe oKpy^caiomeH cpejjti. 

BbiGpocbi h copocbi Bpe/iHbix eeiuecTB npH 3KcnjiyarauHH AC. 

IlepcHoc pajufoaKTHBHOCTH b OKpy/KawmeH cpe^e 

HcXOAHbIMH C 06 bITHAMH, KOTOpbie MOTyT npHBeCTH K BpeAHbIM B03- 
AChctbham Ha neAOBeKa h oicpy^Kaiomyio cpeAy, sbjtjieotcji Bbi6pocbi h 
c6pOCbI paAHOaKTHBHbIX H TOKCHHeCKHX BemeCTB H3 CHCTeWbl AC. 3th 
B bi6pocbi AejWT Ha raaoBbie h a3p030JibHbie, Bbi6pacbreaeMbie b aiMO- 
c<J>epy nepe3 Tpy6y, h hchakhc c6pocbi, b KOTopbix BpeAHbie npHMecw 
npHcyrcTByioT b bhac pacTBopoB hah MeJiKO AHcnepCHbix cMecefi, nona- 
AaiOlUHX B BOAOeMbl. B03M0)KHbI H IlpOMeHCyTOHHbie CHTyaUHH, KaK npH 
HexoTopbix aBapHHX, Kor^a ropjmaa BOAa Bbi6pacbmaeTCJi b aTMoc(J>epy h 
pa3AejifleTC» Ha nap h BOAy. 

Bbi6pocbi Moiyr 6biTb xax nocTOAHHbiMH, HaxoA»mHMHCsi noA koh- 
TponeM 3 Kenny aTauw ohhoto nepcoHana, Tax h aBapHHHbiMH. BKAionancb 
b MHoroo6pa3Hbie ABH*ceHH« aTMoc^epbi, noBepxHocxHbix h noA3eMHbix 
noTOKOB, paAHoaKTHBHbie h TOKCHHecKHe BemecTBa pacnpocxpaHJiioTCJi b 
OK py>KaiomeH cpeAe, nonaAaiOT b pacTeHna, b opraHH3Mu xchbothhx h 
HenoBexa. 


B03AeHCTBHe paAHOaKTHBHhlX Bbl6pOCOB 
na opraHH3M nejiOBeica 

PaCCMOTpHM MexaHH3M B03AeHCTBH5I paAHaiJHH Ha OpraHH3M HeAOBe- 
xa: nyTH bo3achctbhh pa3AHHHbix paAHoaKTHBHbix BemeCTB, hx pacnpo- 
CTpaHeHHe b opraHH3Me, AenoHHpOBaHHe, B03AeucxBHe Ha pa3JiHHHbie 
opraHbi h CHCTeMbi opraHH3Ma h nocjieACTBHH 3Toro bo3achctbhji. Cy- 
mecTByeT TepMHH «BXOAHbie BopoTa paAnauHH» > o6o3HanaiomHH nyTH 
nonaAaHHH paAHoaKTHBHbix BemecxB b opraHH3M. 

Pa3JiHHHbie paAHoaKTHBHbie BemecTBa no-pa3HOMy npoHHKaiOT b op- 
raHH3M nejioBeKa. 3to 3aBHCHT ot xhmhhcckhx cbohctb paAHoaKTHBHoro 
3 jieMeHTa. 

IlyTH npoHHKHoeeHHfl pa;inanHH b opraHtoM HejiOBeica 

PaAHoaKTHBHbie H 30 Tonbi Moiyr npOHHKaTb b opraHH 3 M BMecTe c 
nH men hah boaoh. ^epes opraHbi nHmeBapeHHfl ohh pacnpocxpaHHioTCH 
no BceMy opraHH 3 My. 

PaAHoaKTHBHbie nacTHUbi H 3 B 03 Ayxa bo BpeMa AwxaHHfl Moiyr no- 
nacxb b nerKHe. Ho ohh o 6 AyHaioT He toabko AencHe, a TaioKe pacnpo- 
CTpaHaiOTCfl no opraHH 3 My. 

PhoTonbi, HaxoAHLUHeca b 3eMAe hah Ha ee noBepxHocTH, HcnycKaa 
raMMa-H3AyHeHH«, cnoco6Hbi oSayhhtb opraHH3M CHapyacH. 3th h3oto- 
nbi TaioKe nepeHOCHTCA aTMociJjepHbiMH ocaAKaMH. 
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IV. 3aKpenjieHHe myneHiioro MaTepnajia 

- B HeM npHHHHa HeraTHBHOrO B03AeHCTBH5I pa^HaUHH Ha >KHBbie 

cymecxBa? 

- ^Ito Ha3biBaeTc« norjiomeHHOH A030H n3JiyHeHHfl? 

“ PaccKa>KHTe o cnoco6ax 3amuTbi ot B03AeHCTBH5t paAWoaicTHBHbix 

HaCTHU H H3JTy4eHHH. 

- HtO HCnOJIb3yiOT AJIH 3aiAHTbI OT HeHTpOHOB? 

- C noMombio KaKoro npw6opa mo>kho 3aperHCTpHpoBaxb BejiwHHHy 

pa^HoaKTHBHoro n3JiyHeHJW? 

- KaK 3aBHCHT HHTeHCHBHOCTb pa^HaUHH OT paCCTOSHKJl AO HCTOH- 

HHKa paAHOaKTHBHOTO H3JiyHeHHfl? 

V. IIoABeAeHHe HToroB ypoKa 

,3,0 Maumee 3aaaHHc 

npOHHTaTL H BbiyHHTb MaTepHaAbi § 1 14. 

^onojiHHTejibHUif MaTepuaji 

OSoWTHCb 6e3 HCnOJ7b30BaHH» paAHOaKTMBHOCTH H H30TOnOB HeJTOBeHeCTBO 
He MoxceT. Mu Hcnojib3yeM 3 th flBJieHHH npaKTHHecKH bo Bcex o6jiacT«x aea* 
TejibHocTH: MeAHHHHe, apxeojiorHH, Ae^eKTOCKonHH, cejieKUHH cejibCKoxo3JiHCT- 
BeHHbix Kyjibiyp. 

HanpwMep, HcnojiL30BaHHe MeMeHbix aroMOB no3BOJi«eT npoBecTH AHarHo- 
CTHKy mhothx 3a6ojieBaHHH, c noMombK) paAHOaKTHBHoro H30Tona HOAa AHar* 
HocTHpyKJT 3a6ojieBaHHe iahtobhahoh 5Keae3bi Ha paHHefi cxaAHU, paxoBbie ho* 
Boo6pa30BaHHH cHanajia o6.nyHaK>T paAHoaKTHBHbiM Ko6ajibTOM, a 3aTeM yiKe 
yAajunoT GojibHbie TKaHH, 3a6ojieBaHH5i aerKHx pacno3HaioT Ha paHHefi cxaAHH 
6jiaroAap» <j)jiiooporpa<}mH, MOMeHxajrbHOMy peHTreHOBCKOMy CHHMicy. 

no KOJiHHecTBy paAHOaKTHBHoro H30Tona yrjiepoAa H.opraHHwecxHx ocrar- 
kob (AepeBO, yrjiH H3 KOCTpa, kocth xchbothbix) apxeoAorn AocTaTOHHo tohho 
onpeAeJisiOT B03pacT cbohx hoxoaok. B npOMbimjieHHOCTH c noMombK) paAHo- 
aKTHBHbFX H30T0IT0B OHpeAeB«K)T KaHeCTBO H3A&JIHB, OAHOpOAHOCTb IlOCTaB* 
junoutffx (Hanp«Mep > b 6eTOHe), CTeneHb MexaHHHecKoro H3Hoca Tpymwxca h 
BpaiHajomHxca noBepxhocxeH h MHoroe Apyroe. CoepevieHHafl ceaeKUHs npocTO 
He MO>xeT oSofiTHCb 6e3 paAHOaKTHBHoro oSayHeHHB, c ero noMouubio nojiynajoT 
HOBbie copTa y»ce nepe3 HecKOjibKO noKoJieHHH, a to h b cneAyfomeM. 

H eme oaho HcnojTb30BaHHe - JiAepHbie B3pbiBHbie TexHOjrorHH. K HacToa- 
meMy BpeMeHH BbinOJIHeHO 115 MHpHbIX HAepHbIX B3pbIBOB. rJiy6HHHOe CeHCMO- 
30HAHpoBaHHe 3eMHoii Kopbi c uejibio noHcxa nojre3Hbix HcxonaeMbix, khtchch- 
(j>HKaUH51 He^TflHblX H ra30Bb!X MeCTOpOXCAeHHH, C03AaHHe nOA3eMHbIX eMKOCTCH 
AJHi xpaHeHHB raa h KOHAeHcaxa, rauieHHe aBapHKHbix ra30Bbix (j)OHxaHOB h 
MH oroe Apyroe. ^ocTOBepHbie AaHHbie o HaHeceHHH npw 3 Tom ytuep6a >kh3hh fi 
3AopOBbto xoTfl 6bi OAHoro HejioBeKa OTcyrcTByfOT. HaAO noMHHTb, hto aoco- 
jtfotho 6e3onacHbix TexHonorHH He 6btBaeT. 
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MaTepnaJibi jjih xpaHemiH pamioaicTHBHbix otxo^ob 

HeMaJIbie XpyflHOCXH B03HHKaiOT C 3aXOpOHeHHeM paiJHOaXXHBHblX OXXO^OB. 
06menpHH«TbiH noAxo^ k pa3pa6oTKe MaxepHanoB a-TTh 3xhx ue/iefi coctoht H3 
xpex cTa^HH: 

1. OTXOAbl BBO^HTCa B OTHOCHTeJl bHO HepaCTBOpHMOe XHMHHeCKH CTOHKOe 
BemecTBO. 

2. 3xo BemecTBO 3axjiiOHaK)x b repMexHHHbifi xoHxeHHep. 

3. KoHTeHHepbi 3axopaHHBaiox b cyxofi h cxa6HJibHOH reojiorHHecxOH cxpyx- 
xype. 

J \ JIB nepBOH CTaflHH npHMeHBJTHCb H npHMeHHfOTCB SopOCH^HKaTHoe cxex- 
jio h 6opocHJiHKaTHafl xepaMHKa. TjiaBHoe xpeSoBaHwe, npeAbaBjiaeMoe k xa- 
koh xepaMHxe, - CHjibHaa nonromafomafl cnocobHocxb no oxhohjchhio k fmep- 
hwm HacTnnaM - HewxpoHaM h y-KBaHxaM. H3 Bcex BemecxB HanbojibineH no- 
rjromaiomeH enocoSHoexbK) HenxpOHOB o6.naflaK>x jierxne ajieMeHXbi H, Li* B, 
ho npH norjiomeHHH HefixpOHOB nponcxo^ax a,nepHbie peaxnnH, pe3yjibxaxoM 
KOXOpbIX BBJlBeXCfl BXOpHHHOe H3JiyneHHe. no 3XOH npHHHHe 3amHXHbIH Maxe- 
pwaji aojnxeH co^epacaxb, Hao6opox, xjnxejibie 3JieMeHXbi, niaBHbiM obpa30M 
cBHHen. 

npHMeHeHHe HHcxoro CBHHna OKa3biBaexc» Heuejiecoo6pa3HbiM H3-3a ero 3Ha- 
HHxejibHOH xexynecxH no,a bjihahhcm .qaxce cobcxBeHHoro Beca 3amnxHOH KJiaflXH, 
cocxoamefi n3 CBHHuoBbix KHpnHHen. Bo.nee 3(j)(t)eKTHBHbiMn y-3ainHXHbiMH Maxe- 
pHanaMH hbjishoxcb PbO h Sojiee caox<Hbie oxcn^bi xnna 2PbO, PbS0 4 . Ohh objia- 
aaiox BbicoKHMH mioxHocxBMH, aocxaxoHHO BbicoKHMH pa6oHHMn xeMnepaxypaMH 
n xexHOJiorHHHbr b npoueccax H3roxoBJieHH» nopomxa, npw npeccoBaHHH h cnexa- 
HHH. J\0 npeCCOBaHHfl 3XH OXCHflbl CMeiUHBaiOX C 6opCOflep)KamHMH BemeCXBaMH, 
HanpHMep c B 2 0 3 , c xapfin/ioM 6opa B 4 C wm c 6opaxn,naMH MeB0 3 h 6opH;jaMH 
xnna MeB hjth MeB 2 Kaxoro-Jinbo Mexan^a Me, ^afomero, b cbojo onepe^b, hh3- 
khh ypoBeHb BxopHMHoro /-H3JiyHeHH«. nocjie cnexaHHJi no^obHbie CMecn o6pa- 
3yiox njroxHyio xepaMHxy meltioh nopncxocxn. 

Ho xepaMHKa H3 6opo- h CBHHi^oBoco^epjxatnHX BemecxB nweex MHoro He- 
AOCXaXXOB. OCHOBHOH H3 HHX - nOHHX<eHHafl XHMHHeexaB CXOHKOCXB. CjTe,oyex 
oxMexHXb eme 6oJiee HH3xyio cxonxocxb ocxaabHbix H3BecxHbix h nmpoxo npH- 
MeHaeMbix MaxepwajiOB, HanpHMep bexoHOB pa3aHWHoro cocxaBa. no axofi npw- 
HHHe, b bojibiuHHCXBe cjiynaeB, h 6exoHbi, h 6opco,aepxcainaa xepaMHxa Hcnojib- 
3yioxcJi cxopee Ha BxopoH cxa^HH b BH^e repMexHHHbix xoHxenHepOB. J\ jib nep- 
boh cxa^HH o6menpH3HaHHO, hxo JiHixib 6opco^epJxaiHee cxexjro xopomo y,nep- 
xcHBaex paAHoaxxHBHbie oxxo^bi. 

Ajih BxopoH cxa^HH xpoMe paccMoxpeHHbix Bbiuie xepaMHHecxHX MaxepHanoB 
HcnuxbiBaioxcB h cneuHajrbHbie cn^aBbi, o6pa3yioiHHecs b cncxeMax Pb-B, Pb-Li 
h cruiaBbi Ha ochobc xnxaHa. CaM 3amHTHbiH MaxepHaji H3roxoBaBexcB b BH,ae xe- 
paMHXH, cneneHHOH H3 nopouixoB xaxwx cnnaBOB. Bo3Moa(Hocxb hx npaxTHHecxo- 
ro npHMeHeHHB mo*;ho BbiacHHXb xojibxo nocjie rjry6oxoro H3yweHHB hx ycxoHHH- 
BOCXH X K0pp03HH B yCJIOBHHX 06 jTyHeHHfl ^-KBaHXaMH H npH nOBbmieHHbJX xeMne- 
paxypax. HanpHMep, paaHoaxxHBHbin ue3HH h cxpohuhh cnocobHbi coxpaHBXb 6e3 
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pa 3 pymeHHA oOoJiOHKy H 3 raKHx ciuiaBOB, npH TCMnepaType homth 200 °C, okojio 
100 JieT. KpoMe roro, HyxeHO aoOhtlcs bmcokoh MexaHHHecJccw npoMHOCTH npeA- 
jiaraeMwx ciuiaBOB, bo H 36 excaHHe noBpe>*caeHHJi kohtc h H epoB c paAHoaKTHBHbiMH 
orxoAaMH npn nepeB 03 Ke k MecraM 3 axopoHeHHfl. 


Diasa 14 . 3 /ieMeHTapHbie Hacrunbi 

ypOK 132. 3apo»meiiHe <J)H3 hkh 3JieMeHTapHbix Hacinu 

IJejib: paccKa3aTb 06 3JieMeHTapHbix nacTHijax. 

Xo jx ypoKa 

I. OpranH3auHOHHbiH momcht 

II. nposeAeiwe caMocroHiejibiiOH paGoibi 

Bapuaum I 

1. Kate nojiynaiOT paAHoaKTHBHbie moTonbi? ( Odjiyvenue a-vaemu- 
tfQMU, y-u 3 JiyveHueM, neumpoHHoe o 6 ny venue). 

2. Hto uejiecoo6pa3HO npHMetuiTb am 3amnTbi ot y-mjiyHCHtw? 
(CeuHetf.) 

3. Hto uenecoo6pa3HO npHMeiwTb ju\h 3amHTbi ot HeihpoHOB? (Body, 
demon .) 

4. C Katcoif aejibEo Hcnojib3yioT pamHoaKTHBHbie H30xonbi b mcahuh- 
He? (C nejibio uccnedoeanuR odMena eeuiecme, nocmanoem duazno 3 a, 
mepaneemuvecKux ijejieu.) 

5. C noMombio KaKoro npw6opa momcho 3aperHCTpHpoBaTb BejitWHHy 
paAHauHOHHoro H3JiyneHHH? (C noMoufbto cvemvuKa reuzepa.) 

6. ^a MejioBeKa MaccaMH 50 h 100 kt nojiymum OAHHaKOByto A03y 
o6jiyneHi«i: 3 Tp. B oAHHatcoBOH jih cTeneHH ohh 3apaaeeHbi paAHauweH? 
(B oduuciKoeou .) 

7 . KatcoH ecTecTBeHHbiH 4 >oh paAHauHH? ( 2 - 10-3 rp/zod.) 

8. Ecjih paccTOHHHe ot HCTOHHHKa paAHoaKTHBHoro H3jiyneHHH yse- 
jiHHHBaerca b 4 pa3a, to HHTeHCHBHOCTb paAHauHH ... (ydbieaem e 16 

P03.) 

9. JX JiHHa cbo6oahoto npo6era b oahoh h toh xee cpeAe a-nacTHUbi 
3HaHHTejibHo MeHbme, neM yft-nacTHUbi. IIoneMy a-nacTHua oOjiaAaeT 
HaHOoJIbUieH CnOCOSHOCTbK) BbBbIBaTb HOHH3aUHK) MOJIOKyJl? 

10. Kaxafl cymecTByeT 3aBHCHMocTb Me*Ay rjiy6HHOH npoHHKHOBe- 
HHX a - H ^-MaCTHU B BCLljeCTBO H HX HOHH3HpyK>meH CnOCo6HOCTbK>? 
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(Tny6uHa nponuKHoeenun a-nacmuif Meubtue, ho uonu3upy}ou\aH cno- 
codnocmb 6ojibtue, neM y fl-nacmuif.) 

Bapuanm II 

1. KaKHM cnoco6oM nojiynaioT pa^HoaKTHBHLie H30Tom>i xHMHne- 
ckhx ajieMeHTOB? (Odjiynawm neumponcmu, a-Hacmuifcwu, y-KeanmaMu, 
npomonoMu.) 

2. /Jjdi 3amHTBi ot acecTicoro peHTreHOBCKoro h ^-H3JiyHeHHH npHMe- 
HfliOTC5i BemecTBa, cocToamne H3 3JieMeHT0B ... (c ebicoKim amoMHbiM 
HOMepoM u uMewn(ux Sojibtuyjo wiomnocmb.) 

3. Kaxne BemecTBa npH paBHBix TOJimuHax aaioT Hanjiynmyio 3amn- 
Ty ot y~ H3 ny neHHH - nyryH, CTajiB, CBHHeu? (Ceuneif.) 

4. Kaxwe BemecTBa Hcnojn>3yioTCfl j\j\k 3amHTM ot HeinpoHOB? (C 
neebicoKUM amoMHbiM HOMepoM.) 

5. C KaxoH uejiBio Hcnojn>3yK>T pajjHoaKTHBHLie ojicmchtbi b apxeo- 
jiothh? (JJjm onpedenenm eo3pacma npedMemoe cmapunbi.) 

6. Ecjih paccT05iHHe ot HCTOHHHKa pajjHoaKTHBHoro H3JTyneHH5i yBe- 
JiHHHBaeTCii b 3 pa3a, to HHTeHCHBHocTB pa^HauHH y6i>iBaeT ... (e 9 pa3.) 

7. Ecjih Teno HejioBexa Maccon 60 kt norjioTHJio b TeneHHe xopoTKO- 
ro BpeMeHH pa^HauHOHHyio aHepraio 1 80 ,H>k, to Kaxyio £03y oOjiyneHHJi 
nojiyHHJi qejiOBeK? (3 i~p.) 

8. KaxoBa npe,nejii>Ha» ^03a o6jiyneHH5i jihu, pa6oTaiomHX c 06- 
jiyneHHeM fljiHTejiBHoe BpeMfl? (0,05 rp/aod.) 

9. Kaxaa cymecTByeT 3aBHCHMOCTB Me>K£y rny6HHOH npoHHKHOBeHHH 
a /?-HacTHu b BemecTBO h hx ho HH3Hpy lomen cnoco6HOCTBio? (TjiySu- 
na nponuKHoeenuR a-nacmuif Meubtue, ho uoHU3upyiou{aH cnoco6Hocmb 
Sojibiue, neM ft-nacmuif.) 

10. EojiBiuaa jih npoHHKaiomaa cnoco6HOCTB ^-H3JiyHeHH5i, He Hecy- 
ma a 3JieKTpHqecKoro 3apa^a? (Ifa.) 

III. H3yneHHe Hoeoro Marepnajia 

B Hanajie XX Bexa 6 bijio ycTaHOBjieHO, hto Bee aroMBi nocTpoeHM H3 
HeHTpOHOB, npOTOHOB H 3JieKTpOHOB. IIOMHMO HHX 6BIJIH OTKpBITBI II03H- 
TpOHBI, HeHTpHHO H ^XBaHT ((J)0T0H). 

B 1898 r. J\ 5 K. Tomcoh ;*oxa3aji peajn»HocTB cymecTBOBaHHfl 3Jiex- 
TpOHOB. B 1909 r. P. Mhiuthkch BnepBBie H3MepHJi 3apa,a 3JieKTpoHa: 

q e =-1,602 -KT 19 Kn; rr>e = 9, 1 09- 1 0" 28 r. 

B 1919 r. 3. Pesep^op# npH 6oM6ap;mpoBxe a30Ta a-nacTHuaMH 06- 
Hapy>KHJi nacTHuy, 3ap*m xoTopon paBeH 3apa,ny 3JieKTpoHa, a Macca b 
1836 pa3 6ojii>me Maccbi ajiexTpoHa: 

l ,N + \He 'lO+ \H . 
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Ha3Baim nacTHixy npoxoH, m p = 1 ,6726* 10 -27 Kr. 

Pe3ep(j)op£ BbicKa3aji npeAnonoxceHne o cymecxBOBaHHH nacxHUbi, 
He HMeiomen 3apHAa, Macca Koxopoft paBHa Macce ripoxoHa. 

B 1932 r. Hsabhk oTKpbui Hacxnijy h Ha3Baji ee HefixpoHOM: 
m n = 1,001 mp. 

He bxo^iuhh b cocTaB m pa 0 l « xchbcx okojio 1000 c, iioxom pacna- 
Aaexca Ha npoTOH, 3JieKTpoH h HeihpHHO*. 

n -> p + + v . 

OnbiT, npoBeAeHHbift cynpyraMH Kiopw: 

*// + ^5 — » 'gC -> + 0 'w . 

B 1928 r. n. flwpaK npeACica3aji, a b 1932 r. T. AH^epcoH oTKpbui no- 
3HTpoH (e + ), $OTorpa$Hpya cneAbi kocmhhcckhx nacxHU b KaMepe Bhjib- 
coHa. IIo3HTpoH poxcAaexca b nape c 3JieicxpoHOM, a npH HeKOXopbix pe- 
aionuix no3HXpoH poHcaaexca b «OAHHOHecxBe». 

rnnoxe3a A. 3HHiuxeHHa, nxo cBex pacnpocxpaHHexcH b BH^e nacxHu 
hjth (j)oxoHOB, 03Hanajia oxxoa ox KJiaccHnecKHx npe,acxaBJieHHH. Ohh 
BB jiflioxcH MaxepHajibHbiMH nacxHuaMH, HMeiox HHepxHyio Maccy, ho 
M oryx cymecxBOBaxb xojibKO ABHraacb co CKopocxbio cBexa, He cymecx- 
Byiox b cocxoshhh noicofl. Curia xjixcecxH ^encxByex Ha (j)oxoHbi. 

B 1931 r. B. nayjiH npe^cKa3aji, a b 1955 r. 3KcnepHMeHxajibHO 3ape- 

THCXpHpOBaHbl HeilXpHHO V H aHXHHeHXpHHO V 

m v = 0; q v = 0. 

Oho noHBjuiexcH b xo^e pacnaaa . npoxoH, 3JieicxpOH h HewxpHHO 

HBJI5HOXCH CXaOHJlbHblMH HaCXHUaMH, HO KaJK^afl H3 HHX npH B3aHMOfleH- 
ctbhh c ^pyrnMH nacxHijaMH Moxcex npeBpamaxbca b Apyrne Hacxnubi. 

B 1935 r. anoHCKHH (})H3HK X. lOicaBa npeACKa3aji cymecxBOBaHHe 
HOBOH HaCXHUM, KOXOpafl HBJIJieXCH nepeHOCHHKOM CHJIbHOrO B 3 aHMOfleH- 
cxBHfl. B 1947 r. nacxnua 6biJia oxKpbixa h jojiymuia Ha3BaHHe rr-Me30H 
(HJIH 7C-HOH). y 3X0H HaCXHl|bI XpH 3apflAOBbIX cocxojihhh (+; 0). 

IV. 3aKpenjieHHe myneiiHoro MaTepnajia 

- Hxo xaxoe aneMeHxapHaa HacxHija? 

- KaxoB rnaBHbiH (j)aicx cymecxBOBaHHJi 3JieMeHxapHbix Hacxmj? 

- 3a cnex nero ocymecxBjniexcH B3aHMO^eHcxBHe Mexqjy npoxoHa- 
mh h HenxpoHaMH npH chjibhom B3aHMOAencxBHH? 

- B neM 3aKjnoHaexca npwpoAa cjia6oro B3aHM0^eHCXBHH? 

- Hxo HBjiaexcfl nepeHOCHHKOM cjiaSoro B3aHMO^eHCXBHB? 

V. IIoABe^eHHe htofob ypoica 

^OMauiHee 3ajianne 

n. 115. 
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ypoK 133. BjieMeMTapHbie nacTHUbi, hx icjiaccH^mcauHii 

Ifejib: paccMOTpeTt KJiaccH<|)HKauHio 3JieMeHTapHbix nacTHit 

Xojx ypoKa 

I. OpraHH3ai|H0HHblH MOMeHT 

II. npoBeaeHHe caviocTOHTejibHOH pa6oTbi 

Bapuanm I 

1 . O^ho H3 cbohctb 3JieMeHTapHbix nacTHH - cnocoSHOCTb . . . (i npe - 
epatyambcx dpyz e dpyza.) 

2. KaKHe 3JieMeHTapHbie nacTHUbi Ha3biBaiOT CTa6HJibHbiMH? ( Hac - 
muifbi, Komopue Moaym cyufecmeoeamb e ceododnoM cocmonnuu neoz- 
paHunemoe epeMX.) 

3 . ^BjiaeTca jih HeihpoH CTa6njibHOH HacTHuefi? (Hem.) 

4. 03HaMaeT ji h pacna^ Hacirmbi Ha me hjih domiuee hhcjio hbcthh, 
hto ^aHHaa nacTHija coctoht H3 HecKOJibKHX nacTHU? (Hem.) 

5. Hto sbjihctcs rjiaBHbiM (jjaKTopoM cymecTBOBaHHa 3jieMeHTapHbix 
nacTHU? (B3auMHoe ux npeepaiyenue.) 

6. Kaxwe B3aHMo^eHCTBH« onpe,aejiflK>T ycTOHHHBocTb auep b aTo- 
Max? (HdepHbie.) 


Bapuanm II 

1. CymecTByiOT jih b npHpo^e HeH3MeHHbie nacTHiibi? (He cyujecm- 
eyrorn.) 

2. Ckojibko )KHBeT HeHTpoH BHe aTOMa *mpa? (15 Munym.) 

3. OnbiTOM, nojiTBep>icnaK>iiiHM peajibHOCTb hbjichhji npeBpameHHH 
3JieicrpoMarHHTHoro nojw b BemecTBO, hbji^ctch po>KfleHHe nap 3jieK- 
TpoH-no3HTpoH npH norjiomeHHH y-KsaHTOB, o6jiajiaiomHx 3HeprneH . . . 
(6onbiue 1 MdB.) 

4 . KaKoe B3aHMOjieHCTBHe otbctctbchho 3a npeBpameHne 3JieMeH- 
TapHbix nacTHU Jipyr y jipyra? (Cwibnoe, cna6oe, snetcmpoMOBHumHoe.) 

5. Hto BBjiaeTca rjiaBHbiM ({>aKTopoM cymecTBOBaHHii 3JieMeHTapHbix 
nacTHU? (BsauMuoe ux npeepaufenue.) 

6. Kaxoe B3aHMOjieHCTBHe hocht yHHBepcajibHbiH xapaicrep? (rpa- 
eumaifuoHHoe.) 

III. H3y<ieHHe iiohoio Ma iepHajia 

B 1955 r. 6eui OTKpbiT amrinpoTOH, a b 1959 r. - aHTHHeHTpoH. Ilo- 
cjie o6Hap>OKeHH« it-Me30Ha 6buio o6HapyxceHo mhofo apyrnx nacTHU. 
Hbme hx HacHHTbiBacTca He o^Ha cothb. 
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3jieMeHTapHbie nacTHijbi aenjrrcfl Ha neTbipe KJiacca: 

I - OOTOHbl - TOJlbKO 3JieKTp0MarHHTH0e B3aHMO^e«CTBHe; 

II - JleKTOHbi (12 nacTHi^): aueKTpoH, miooh, HeiiTpHHo h jxp. 

III - Me30Hbi (8 nacTHij): rc-Me30Hbi, ti-hohm h jxp. 

IV - BapHOHbi (18 nacTHij) npOTOHbi, HeHTpOHbi h np. 


OjJHH H3 Cn0C060B KJiaCCH(|)HKaUHH 3JieMeHTapHbIX HaCTHU OCHOBaH 
Ha B3aHMo^eiiCTBHH qacTHu. 


Bha 

B 3 aHMO- 

^eifCTBIffl 

B 3 BHMO- 

AencTBHe 

nacTHUbi 

Pa^wyc 

AeficT- 

BHfl CHJI 

Othoch- 

TejibHbie 

CHJlbl B 3 aif- 

MO^eHCTBHJT 

HacTHUbi - 

HOCHTeJIH 

BiilHMO- 

AeiiCTBHfl 

CnjibHoe 

KBapKH 

HyKJTOHbl 

1 0 _! 5 M 

1 

FjHOOHbl 

Me 30 Hbi 

3 neKTpo- 

MarHHTHoe 

BacTHUbi c 

3 JieKTpHHe- 

CKHMH 3 a- 

pa^aMH 

00 

10“ 2 

OOTOHbl 

Cjia 6 oe 

KBapKH 

JlenTOHU 

10“’ 7 M 

1 (T 3 

npoMe^cy- 

TOHHbie 

6 o 30 HbI 

rpaBHTaijH- 

OHHOe 

Bee nacTH- 

Ubl 

00 

1 (T 39 

rpaBHTOHbl 


Meacay ajieMeHTapHbiMH HacTHijaMH Moryx ocymecTBJurrbCfl nexbipe 
pa3JIHHHbIX THna B3aHMOJjeHCTBHH. Ka^CHblH THn B3aHMOAeHCTBHfl ocy- 
mecTBjiaeTCfl c noMombio KBaHTOB cooTBeTCTByiomero nonfl. He o6Ha- 
py)KeHU noxa 3KcnepHMeHTajibHo KBaHTbi rpaBHxauHOHHoro nojia (rpa- 
BHTOHbl). 

K HacToameMy BpeMeHH Ha ponb «HacT03imHx 3jieMeHTapHbix nao 
thu, t. e. HacTHu, He nocTpoeHHbix H3 KaKHx-TO jjpyrwx nacTHu, npeTeH- 
jiyiOT rnecTb jierKHX HacxHu, Ha3biBaeMbix HenTOHaMH h uiecTb KBapKOB. 
3 th nacTHUbi Ha3bmaioT (JjyHjjaivieHTaJibHbiMH ajieMeHTapHbiMH nacTK- 
uaMH. npaB.aa, y Ka)KAOH H3 3 thx nacTHi; HMeeTca cboji aHTHHacTHua. 

B 3JieMeHTapHbix npoijeccax coxpaHJnoxca HMnyjibc, 3HeprH$i, 3 jieK- 
TpHHecKHH lapnjl, momcht HMnyjibca. 

MaTepHH He TOJibKO MHoroo6pa3Ha b cbohx <J)opMax, ho h e^HHa b cbo- 
efi cymHOCTH. AHHHrHJiauHa MeitrieHHoro no3HTpoHa c ajieKTpoHOM npH- 
BOJJHT K B03HHKH0BeHHI0 ^ByX <j)OTOHOB, Ka)KJJbIH C 3HeprHeH E = ir^C 2 
(aHH nnui ji UHOHH oe H3jiyHeHHe). 
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MoaceT npoHCxoziHTb npeBpamenne <J>otohob b BemecTBO. Ootohbi 
ABIUK yTCH H 3 TOHKH aHHHriiJIflU.HH B npOTHBOTIOAOJKHBIX HanpaBAeHHHx B 
COOTBCTCTBHH C 3 aKOHOM COXpaHeHHA HMnyABca. 

IV. Bonpocw fljrsi 3 aKpenjieHHfl 

- KaKHe THITU 4)yH^aMeHTajTbHbIX B3aHMOACHCTBHH Bbl 3HaeTe? 

- ^to o 6 mero moukho cica 3 aTi> o MexaHH 3 Me <J)yHAaMeHTaABHBix B 3 an- 
MOfleftCTBHH? 

- *Ito «BJiaeTC« nepeHOCHHKOM rpaBHTau.HOHHoro B3aHMOAeHCTBHA? 

- ITocpe^CTBOM nero ocymecTBJiaeTca 3 JieicrpoMarHHTHoe B 3 awMO- 
^eflcTBHe MeyKjjy 3 apH^ceHHi>iMH HacraijaMH h hto «BjiaeTC« nepe- 
HOCHHKOM B 3 aHMO^eHCTBH«? 

- 3 a cneT Hero nponcxoAHT B 3 anMOfleiiCTBHe Me>Kay npoTOHaMH w 
HeHTpOHaMH npH CHABHOM B3aHMOAeHCTBHH? 

- l Ito TaKoe KBapKH? 

- B neM 3 aioiiOHaeTC« npnpoAa cuaGoro B 3 aHM 0 ^eHCTBH«? 

V. IIoABeACHHe HTorOB ypoica 

JIoMauiHee la^anne 

n* 1 16 * 


ypoK 134. YpoK-Hrpa «IIojie qyaec» 
no TeMe: «ATOMHaa <jnnnKa h (jnnuKa aTOMHoro HApa» 

Xoa ypoKa 

I. npasHJia urpu 

Ecjih ynacTHHK orraAbiBaeT TpH GyKBti, to MoaceT BBi6HpaTB oAHy H3 
npeAJio>xeHHi»ix micaTyjiOK: OAHa - nycTaa, b Apyrofi - npH3 (moKOJiaA- 
xa). Ecjih Btmaji ceKTop «n» (npH3», to b 3an bhocht hiijhk c npH30M 
(TeTpaAB, JiacTHK, iinpKyjiB, pynica, xapaHAam h t. a-); ceicrop «+» AaeT 
B03M05KH0CTB OTKpBITB JIK)6yiO 6yKBy; CeKTOp «E» - 6aHKpOT. 

II. Xoa nrpbi 

7. 3adamie dun nepeou «mpouKU» 

B 19 AeT OH OKaHHHBaeT TOABKO HTO OTKpBITBIH KopOAeBCKHH XHMHHe- 
ckhh KOAAeAAc h TaM ace npoAOJDKaeT paGoTaTB accHCTeHTOM. OAHOBpe- 
MeHHo npoAOJwcaeT paGoTaTB accHCTeHTOM. OAHOBpeMeHHO c othm oh 
nocemaeT b KopoaeBCKOM HHCTHiyre neicuHH Oapaaea, KOTOpBie nporo- 
BeAH Ha Hero He 3 a 6 BmaeMoe BnenaTAeHHe. B 1861 r. oh oncpBui 3 AeMeHT 
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isaiuiHH, a b 1 863 r. ero H36pajiH hjichom KopojieBCKoro o6mecTBa, rae 30 
|Hoa6pa 1 878 r. oh aoxnaaMBaa o CBOHCTBax xaToaHbix JiyneH. 
f Xo^hji ynopHbiH cnyx, hto oh 6ua 6jih3ok k othputhio peHTreHOB- 
! ckhx jiynew. 

v 3adanue: Ha30Bnre (|)aMHJiHK) otoh yaHBHTeabHO 6oraxoH HaTypbi: 
^ H3o6peraTeji5i> GnpaceBoro aeabua, H3aaxeaa acypHaaa «XHMHHecKne 
j HOBOCTH» H HCCJie^OBaTeJlfl. 

f Omeem: YnabaM KpyKc. 

i 

2 . 3adanue dun emopou «mpouKu» 

PaccKa3biBaioT, hto oaHaacabi eMy aaa onepeaHoro onbiTa noHaaoSn- 
jiacb HOBaji nopUHH paana. KpynHHKH paaneBoii cojih, ao6biTbie c 6oab- 
uihm rpyaoM, neacanH, 3anaaHHbie b CTexaaHHbie aMnyabi, b na6opaTop- 
hom uneasy. BwHyTt npenapaT, ot 6 htb kohhhk aMnyabi - MHHyTHoe 
aeao. YneHEiH He pa3 yace npoH3Boana 3iy onepamno. Oh noaHec hohc k 
CTemiy, npHMepHJica... Ho KaK tojibko ne3BHe xocHyaocb ereicaa. Pa3- 
aaaca caa6biH rpecK. Ot aMnyabi k HO^cy npocKOHHJia KpoxoTHaa HCKop- 
xa, a b cKaamce o6pa30Banacb TpemnHa h KpoxoTHaa abipOHKa. 

HaBepHoe, b Haine BpeMa 3 to aBaeHHe He npHBaeicao 6bi k ce6e bhh- 
MaHHa. Mm cjihhikom npHBWKJiH k TOMy, hto TpemaT h CTpejiafOT hc- 
KpaMH 6pK)KH h py6auiKH H3 cHHTeTHnecKOH tkbhh, oaeaaa H Hiy6M. Ho 
Toraa Bee 6buio HHane. KpoMe toto, oh 6 mh HacToamHM yneHbiM - ne- 
jiOBeKOM, ana Koxoporo jito6oe Heo6i>acHHMoe aBaeHHe co3aaBaao ycno- 
BHa nncKOMfjjopTa, ^yuieBHoro HeynoScTBa. Tax npoaoaxcaaocb o 6 mhho 
a o Tex nop, noxa oh He noHHMaa cyTH aBJieHHa. OaHaxo o6T»acHHTb, 
noneMy 3a BpeMa xpaHeHHa b aMnyjiax c paaneBOH conbio HaKonHJincb 
ajieicrpHHecKHe 3apaaw, oh He CMor . . . 

3adanue: Ha30BHTe (t>aMHanio 3Toro yneHoro. 

Omeem: nbep Kiopn, 

3. 3a.da.Hue dun mpemteu «mpouKU» 

HrajibaHCKHH <j)H3 HK. Bhcc Sojibhioh BKjiaa b pa3BHTHe coBpeMeHHon 
TeopeTHHecKon h 3KcnepHMeHTajibHOH tj)H3HKH. Poanaca b ceMbe aceaea- 
HoaopoacHoro cayacamero. B B03pacTe 25 aeT CTaa npo<|)eccopOM Teope- 
THnecKOH (J)H3 hkh b Phmckom yHHBepCHTere. B 1838 r. 3MnrpHpOBaa b 
AM epHxy, onacaacb npecaeaoBaHHH CBoefi cewbH co ctopohm HTaabaH- 
CKHX (J)aiUHCTOB. 
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3adcmue: Ha30BHTe yneHoro, KOTOpOMy BnepBbie Ha npaKTHKe y,aa- 
jiocb ocymecTBHTt ynpaBJiaeMyio a^epHyK) qenHyio peaKUHio. 

Omeem: 3hphko OepMH, 

4. Hepa co 3pumeJWMU 

PaccKa3biBaiOT, hto cjiynwiocb 3to 10 aBrycTa 1915 ro^a. Ahhihh- 
ckhh AecaHT Bbica^HJicji Ha 6epery 6yxTbi CyBJia raJUinnojiHHCKoro no- 
jiyocTpOBa. IIoKa aHniHHaHe OKanbmajiHCb, TypeqKHe Hacra nepeuuiH b 
HacTynjieHHe. 3acBHCTejiH nyjiH. CB5i3HCTbi e^Ba ycnejiH npoTimyTb npo- 
BO.H B MeJIKHH, He flOpbITblH OKOn KOMaHJJHOTO nyHKTa. «KoHTpaTaKO- 
BaTb, KOHTpaTaKOBaTb!» - Ha^pbiBanca nojieBoit Tene(J)OH, nocbinaa b 
nycTOTy cboh KOMaanbi, cpypaaoca, cnoji3inaa c ronoBbi otjwuepa cb*3H, 
npHKpbuia MajieHbKoe OTBepcrae b bhckc ot TypeqKOH nyjiH. 

3adanue: Kaic 3BajiH otfwuepa cbb 3H, KOTopoMy 6biJio TOJibKo 27 neT, 
ho oh yace c^eJiaji ^jih HayKH ctojibko, cKOJibKO 6ojibuiHHCTBy He y^aeT- 
ca c^enaTb h 3a cpox B^Boe 6oJibuiHH? 

Omeem: reHpH Mo3jih. 

5 . t VunajibHUH uzpa 

Oh3hk h xhmhk, no HaquoHajibHOCTH nojibKa, paSoTajia bo OpaHijHH, 
HjieH aKa^eMHH mhothx CTpaH, b tom hhcjic HJieH-KOppecnoH^eHT Ele- 
TepSyprcKOH axa^eMHH HayK, a 3aTeM noneTHbiH HJieH AKaaeMHH HayK 
CCCP, naypeaT Ho6ejieBCKHX npeMHH 3a 1903 h 1911 rr. OHa aBjiaeTca 
O^HHM H3 OCHOBOnOJIO)KHHKOB yHeHHB O pa^HOaKTHBHblX 3JieMeHTax. B 
1 898 r. coBMecTHo c MyaceM OTKpbiJia pa^HoaKTHBHbie oneMeHTbi nojio- 
hhh h pa^HH. no nopyHeHHio BptocceJibCKoro pa^HOJiorHHecKoro koh- 
rpecca H3roTOBHjia nepBbift 3TajioH pa^na, xpaHamnnca noHbjHe b Me»- 
^yHapo^HOM 6iopo Mep h BecoB. 

3adanue: 3ry aceHiijHHy no npaBy mo>kho Ha3BaTb bcjihkhm yneHbiM. 
O kom H^eT penb? 

Omeem: Map ha Cieio^OBCKaa-KtopH. 

6. Cynep-uepa 

HeMeqKHH yneHblH, O^HH H3 OCHOBOnOJIO>KHHKOB (j)H3HKH XX B.> 
C03AaTejib TeopHH OTHOCHTejibHOCTH. Oh BnepBbie ycTaHOBmi, hto cbct, 
Hapa^y c bojihobbimh o6jia^aeT TaioKe h KOpnycicyjiapHbiMH CBOHCTBaMH. 
EMy npnHa^JieacaT TaioKe paOoTbi no KBaHTOBOH CTaracTHKe, Teopua 
OpoyHOBCKoro ^BHaceHHa, Teopna <j)OT03(Jx}>eKTa. Ero, pemnTejibHoro 
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npOTHBHHKa KOCHOCTH MbIIIIJieHHfl BO BCeX ee npOHBJieHH5lX, HeHaBH^eJIH 
peaKUHOHepbi ot HayKH ji o iiojihthkh. 

npHxo^ k BjiacTH 4>aiiiHCTOB cjxenan hcbo3MO)khi>jm npe6bmaHHe oto- 
ro yneHoro b TepMaHHH. B (JjauiHCTCKOM cneuaJib6oMe nocne nepenmi 
ero «npecTyruieHHH» CToajia noMerKa: «eme He noBemeH». Ero cnacaa 
OMHipauHB - b 1933 r. oh oica3ajicH b CIU A. TaM oh 3aHJui Mecro npo- 
(jieccopa IlpHHCTOHCKOrO HHCTHTyTa BblCUIHX HCCJie^OBaHHH. 

3adanue: Ha30BHTe (jraMHjiHio 3roro 3HaMeHHToro yneHoro, aaypeaTa 
Ho6ejieBCKon npeMHH 1921 r. 3a pa3pa6oTKy TeopHH (j)0T03(f)<J)eKTa. 

Omeem : Ajib6epT 3HHiiiTeHH. 


111. IloABeAeiiiie htofob Hrpbi 




3HaMeHne 4 >m3mkm a nn 
o6l>51CHeHM51 MM pa M pa3BHTMfl 
npOH3BOAMTe/lbHblX CM/1 o6uiecTBa 


ypOK 135 . Ommca h BcejieHHasi 

Ifejib : noKa3aTi> B3aHMOCB»3b «bjichhh. 

Xofl ypoKa 

Ow3HKa - HayKa o npwpo^e, H3ynaioinaJi npocTeniiiHe h BMecTe c TeM 
HanSojiee o6mHe 3axoHOMepHOCTH npHpoabi, CTpoeHHe h 3axoHbi /ibh- 
HCCHHfl MaTepHH. 0H3HKy OTHOCST K TOHHbIM HayxaM. Ee nOHflTHfl H 3a- 
XOHbl COCTaBJMIOT OCHOBy eCTeCTB03HaHHJI. rpaHHIZBJ, pa3AeJ3JHOmHe 
(J)H3HKy h /ipyrne ecTecTBeHHue Hayxn, HCTopHHecxH ycJioBHbi. IIphhhto 
CHHTaTb, HTO B CBOCH OCHOBe <})H3HXa flBJIJieTCfl HayKOH 3KCnepHMeH- 
TajibHOH, nocxojibxy oTKpbiTwe eto 3axoHbi ocHOBaHbi Ha ycTaHOBJieH- 
Hbix onbiTHbiM nyTeM .aaHHbix. <DH3HHecxne 3axoHU npeACTaBJiflioTCfl b 
Bliae KOJIHHeCTBeHHHX COOTHOUieHHH, Bbipa)KeHHbIX Ha *3bIKe MaTeMa- 
thkh. B yenoM (J)H3HKa pa3AejuieTCfl Ha axcnepHMeHTajibHyio, HMeiomyio 
^eao c npoBeaeHHeM 3KcnepHMeHTOB c ue;ibK> ycTaHOBJieHHH hobbix 
4>aKTOB, npOBepKH rwnOTe3 H H3BCCTHBIX <j)H3HHeCKHX 3aKOHOB, H Teope- 
THHeCKyK), OpHeHTHpOBaHHyiO Ha <j)OpMy;mpOBKy <j)H3HHeCKHX 3aKOHOB, 
o6b*CHeHHe Ha ocHOBe 3thx 33kohob npHpOAHMX sBJieHHH h npeacKa3a- 
HHe HOBbIX HBJieHHH. 

Crpyxiypa (J)h3Hkh cjioacHa. B Hee BXJHonaiOTCH pa3JiHHHbie ^Hcunn- 
JlHHbl HJIH pa3aejlbl. B 3aBHCHMOCTH OT H3ynaeMblX o6T>eKTOB BbmeJiaiOT 
(J)H3HKy 3JieMeHTapHbIX HaCTHH, (J)H3HKy Jiapa, (j)H3HXy aTOMOB H MOJie- 
Kyji, (})H3HKy ra30B h >kh^koctch, (j)H3Hxy nJia3Mbi, <J)H3Hxy TBep^oro 
Tejia. B 3aBHCHMOCTH OT H3yHaeMLIX ITpOlxeCCOB HJIH (})OpM JJBHJKeHHH 
MaTepHH BbiaeajijoT MexaHHxy MaTepnajibHbix Tonex h TBep^bix Tea, 
MexaHHxy ciuioiiiHbix cpeji (BXJHOHaa axycraxy), TepMoawHaMHxy h CTa- 
THCTHHecxyio MexaHHxy, 3JiexTpo^HHaMHxy (BXJHOHaa onTHxy), TeopHio 
T^roTeHH^, KBaHTOByro MexaHHxy h KBaHTOByio TeopHio nojia. B 3aBH- 
chmocth ot opHeHTHpoBaHHocTH Ha noTpe6HTejui nojiynaeMoro 3HaHHB 
BbWJMIOT (JjyHaaMeHTajlbHyK) H npHXJiaaHyiO (})H3HXy. FIpHHflTO Bblfle- 
jihtb Taioxe yneHHe o xojie6aHHax h BOJiHax, paccMaTpHBawmee MexaHH- 
Hecxwe, axycTHHecxHe, ajiexTpHnecxHe h onTHHecxHe xojieSaHHB h boji- 
hm no # yraoM 3peHHJL B ocHOBe (|)H3hxh jiejxaT (JiyHaaMeH- 

TajibHbie (})H3HHecKHe npwHi;Hnbi h TeopHH, xoTopbie oxBaTbiBaioT see 
pa3,aeJibi (^h3hxh h HanSojiee noaHo OTpaacaioT cyTb (j)H3HHecxHx HBJie- 
HHH H npOUeCCOB .HeHCTBHTeJlbHOCTH. 
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E/umyio nojiHyio TeopHio Bcero npoHCxojiamero bo BcejieHHOH no- 
CTpOHTb HeB03MOHCHO, n03T0My CHaHaJia C03flai0TCa HaCTHbie TeopHH, 
oS'be.aHHKiomHe KaKHe-To nacTH BcejieHHOH. Ha^eacau Ha co3jjaHHe He- 
JipOTHBOpeHHBOH ejJHHOH TeopHH, B KOTOpyiO BOHJjyT BCe HaCTHBie Teo- 
pHH, He OCTaBJIflIOT (J)H3HKOB. Co3AaHHe TBKOH TeopHH npHHBTO Ha3M- 
BaTb oGBe^HHeHHeM <|>h3Hkh. Ero co3jiaHHK> Shhiutchh 6e3ycneuiH0 
oxaaji nocne^HHe ro^bi CBoen hch3hh. Ho, OTKa3aBiiiHCb npHHaTb pearib- 
HOCTb KBaHTOBOH MexaHHKH, ee npHHUHn Heonpe^ejieHHOCTH xa k (J)yH- 
^aMeHTajibHbiH npHHUHii MHpo3/iaHHa, oh He cmot ^octhhb ycnex Ha 
3tom nonpnme. 

C. XoKHHT H ^pyrne (})H3HKH-TeopeTHKH C OITTHMH3MOM (XOTB H OC- 
TOpO^KHblM) CMOTpBT Ha B03M0HCH0CTb nOCTpOeHHfl eflHHOH TeopHH, 3a- 
BepuiaiomeH noncKH oxoHHaTeJibHbix 3axoHOB npHpoflu. 

Cennac HMeeT MecTO o6maa TeopHH oTHocHTeabHOCTH, npe^cTaBjuno- 
maa co6oh nacTHyio Teopnio rpaBHTanHH. EcTb nacTHbie TeopHH, onncbi- 
BaiomHe cjia6bie, cnjibHbie h 3ueKrpoMarHHTHbie B3aHM0^eHCTBHa, - hx 
mohcho oGBeAHHHTb b Teopnio BejiHKoro 06’hcjxuHCHm. Ho nocjie^Haa 
4>H3HKaMH He npH3HaeTca y^oBjieTBopHTejibHOH, nocKOJibxy He Bxjifona- 
eT rpaBHTauHio h co/iepatHT BejiHHHHbi, xoTOpbie He BbiBo,naTca TeopeTH- 
necKH, a no^6npaioTca nyTeM hx HaHjiynuiero corjiacwa c sxcnepHMeH- 
tom (HanpnMep, oTHOCHTejibHbie Maccbi pa3Hbix nacTHu). CnHTaeTca, hto 
OCHOBHOH Tpy^HOCTblO nOCTpOeHHH TeopHH, oSBe^HHaiOmeH rpaBHTa- 
UHK) C flpyrHMH CHJiaMH, BBJiaeTCa HeBKJHOHeHHOCTb KBaHTOBO- 
MexaHHHecxoro npHHUHna Heonpe^ejieHHocTH b KJiaccHHecxyio o6myio 
TeOpHK) OTHOCHTeJl b HOCTH. 1103 TO My HCXO^HblM MOMeHTOM C03^aHH« 
ejiHHOH TeopHH HBJiaeTca oSte^HHCHHe o6men TeopHH OTHOCHTejibHocTH 
h npHHUHna HeonpeuejieHHocTH KBaHTOBOH MexaHHKH. B pe3yjibTaTe 
3Toro o6'bc,aHHeHHa nepHbie abipbi nepecTaioT 6biTb TaKOBbiMH, Hcne3a- 
K)T CHHryjiapHocTH, BcejieHHaa CTaHOBHTca 3aMKHyTOH h 6e3rpaHHHHOH. 
Ho b 3tom cjiynae B03HHKai0T TpyuHOCTH, o6ycjioBjieHHbie TeM, hto, b 

COOTBeTCTBHH C npHHUHnOM HeonpeueJieHHOCTH, npOCTpaHCTBO UOJDKHO 
6biTb 3anojiHeHo napaMH BHpTyajibHbix naCTHU h bhth h bcth u, o6;ia- 
^aioiuHx 6ecKOHeHHOH 3HeprneH h 6ecxoHeHHOH Maccoft. Co3,naBaeMoe 
hmh rpaBHTauHOHHoe npHTa^ceHHe xojdkho npHBecTH k CBopaHHBaHHio 
BcejieHHOH no 6ecK0HeHH0 MaJibix pa3MepoB. rio,ao6Hbie napa^oxcbi 
6ecKOHeHHOCTH oSbiHHO ycTpaHaiOTca c noMombio nepeHopMHpoBKH - 
npoue,nypbi BBe^eHHa hobux 6ecKOHeHHocTen .zuia KOMneHcaunn CTa- 
pux. B nacTHbix Teopnax nojiyneHHbie c noMombio nepeHopMHpoBKH 
npeucKa3aHHa comacyfOTca c pe3yjitTaTaMH Ha6jno/jeHHH. B njiaHe >xe 
C03uaHna noJiHOH TeopHH MeTO.ii nepeHopMHpoBOK He no3BOJiaeT Teope- 
THuecKH npeACKa3biBaTb flencTBHTejibHbie 3HaneHHa Macc h chji, noaTO- 
My hx npnxouHTca nouGnpaTb no^roHKon k axcnepHMeHTy. EcTb jihihb 
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3h avenue <fiu3UKU dnst o6*>fiCHeHLM Mupa . . . 


flBa HHcua, KOTOpue Momio nojxroHSTb npn bxjhohchhh npHHUHna He- 
onpe^ejieHHOCTH b o6myio TeopHio OTHOCHrejibHOCTH . 3 to - BejiHHHHa 
rpaBHTaiXHOHHOH CHJIbl H XOCMOJIOTHHeCXaa nOCTOJIHHaJI. OjJHaxO HX H3- 
MCHCHHa He Moiyr ycipaHHTb 6ecxoHeHHOCTb. nojiynaerca, hto mw 
HM eeM TeopHio, B COOTBeTCTBHH C KOTOpOH, HeKOTOpLie BeJIHHHHM (Ha- 
npHMep, KpHBH3Ha npocTpaHCTBa - BpewcHn) bbjwiotc* 6ecxoHeHHbiMH, 
xora H3 H3MeHeHHH BtireicaeT, hto ohh kohchhu. lloaTOMy ;yia Bbixo.ua 
H3 nojioxeHHa CTajiH Hcnojib30Ban» Tax Ha3braaeMyio TeopHio cyneprpa- 
BHTauHH, Koropaa 6ecK0HCHH0CTH ycipaHHjia, xoTa ocraBajiocb comhc- 
HHe b tom. Bee jih 6ecKOHeHHocTH ycrpaHajiHCb, a 3aTeM (Jhohxh o6pa- 
THJIHCb K TeopHaM CipyH B KOTOpblX npOTH03HpOBajIOCb COKpameHHe 
6ecKOHeHHocTefi 1 . 

C. Xoxhht ^onycxaeT rpn BapnaHTa OTBera Ha sonpoc, B03MO*aia jih 
e^HHaa Teopna. IlepBUH Bapnairr: nojiHaa Teopna MoaceT 6biTb c<J)opMy- 
jiHpoBaHa. BxopoH BapnaHT: ejumofi nojiHOH TeopHH Her, a ecTb jinuib 
5ecKOHeHHaa nocaeflOBaTeabHocTb TeopHH, jiaiomHx Bee 6ojiee TOHHoe 
onncaHHe BcejieHHOH. TperaH BapnaHT ejumoH nojiHOH TeopHH BcejieH- 
hoh He cymecTByer, co6brraa b nocjieflHeii npOHCxoaar npOH3BOJibHO h 
6ecnopa,aoHHo h He Moiyr 6brn> npeACKa3anbi jjajiee HexoToporo npe;ie- 
Jia. Ecjih craBHTb uejib - Hairm cncreMy 3axoHOB, jjaiomHX B03MOxcHOCTb 
npeacxa3biBaTb co6brma b npe^ejiax tohhocth, ycTanaBJiHBaeMOH npHH- 
UHnOM HeonpeaejieHHOcTH, to tcm caMbiM TperaH BapnaHT HCXJHonaer- 
ca. Bropaa B03M0ncH0CTb, ncxo^amaa H3 cymecrBOBaHna 6ecxoHenHOH 
nocjie^oBaTeJiLHOCTH Bee 6oaee tohhwx TeopHH, corjiacyerca c HauiHM 
onuTOM- Ho nocjie^OBaTejibHOCTb Bee 6ojiee tohhbix TeopHH npn nepe- 
xojie x 6ojiee bwcokhm 3HepniaM MoaceT hmctb npejieji. IlpH xaxHx-TO 
anepmax h ^ojDKHa cymecTBOBaTb ejumaa Teopna BcejieHHOH. Ctojib 
B blCOXHe 3HepTHH MOTJTH B03HHXHyTb Ha pBHHHX CTaflHaX pa3BHTH« Bce- 
jieHHOH. Ilo3TOMy H3yneHHe paHHefi BcejieHHoii MoaceT npHBecra x co3- 
A aHHK) nOJIHOH ejJHHOH TeopHH. 

Ecjih 6m nojmaa ejumaa Teopna oxa3anacb MaTeMaranecxH Henpora- 
BopeHHBOH h ee npe^cxa3aHna coBnajiajin c onbrroM, to «3thm 3aBepniH- 
jiacb 6u junumaa h yjmBirrejibHaa rjiasa b hctophh HHTejuiexryajibHOH 
6opb6u HejioBenecTBa 3a no3HaHne BceJieHHOH» 2 . Ho amaHHe Taxon 
TeopHH He 03HanaeT, hto mu CMOaceM npe^cxa3bisaTb co6wraa Boo6me, 
h6o B03MoacHOCTH npejicxa3aHHH orpaHHHHBaiOTca, BO-nepBbix, npHH- 
unnoM Heonpe^eneHHocTH h, BO-BTopux, HeyMeHneM Haxo^HTb tohhmc 
peuieHHa ormcbreajomux TeopHio ypaBHeHHH (a noroMy Heo6xo^HMa 


1 Cm.: Xokuhb . C. Kparxaa Hcropna BpeMeHH or 6ojibmoro B3pUBa j\o 
nepHbix jpjp. 

2 TaM ace. 
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pa3pa6oTKa npHCjiroxeHHbix mcto^ob, no3BOJi5nomHX npe,acxa3biBaTb 
pe3yjiLTaTBi b peajibHbix CHTyanHxx). 

JX o He^aBHero BpeMeHH CHHTajiocb, hto BceneHHaa He H3MeH*ieTCfl co 
BpeMeHeM - H3 toto, hto rpaBimuHOHHMe chjibi abjuuotca Bcema CHna- 
mh npHTiDKeHHH, cjieayeT, hto BcejieHHaB aojnxHa jih6o pacninpaTbCJi, 

JIH 60 CXCHMaTbCfl. M3 o6mefi TeOpHH OTHOCHTCJIbHOCTH H3BeCTHO, HTO B 

npomjioM 6buio cocTOHHHe c 6ecxoHeHHOH nnoTHocTbio h 6ojibinoH 
B3pB»iB, nojio^KHBaiHH Hanajio oTcneTy BpeMeHH. Ecjih Bce^eHHaa HanHeT 
cacHMaTbca, to b Cy/iymeM ^oh>kho noHBHTbca eme o;iho coctoahhc c 
6ecKOHeHHOH ruioTHOCTbio - npon30H/ieT 6 ojh>uioh xnonoK, 03HanaK)- 
mnfi KOHeu TeneHHii BpeMeHH. B o6pa30BaBiuHXCfl nepHbix abipax B03- 
HHKHyT CHHrynflpHOCTH, b KOTopbix 3aKOHbi nepecTaHyr ^eficTBOBaTb. 

npH o6T»e^HHeHHH KBaHTOBOH MexaHHKH H 06 meH TeOpHH OTHOCH- 
TeJlbHOCTH MO)KeT B03HHKHyTb HOBafl B03M0)XH0CTb, KOr^a npOCTpaHCTBO 
h BpeMH o6pa3yK)T KOHenHoe neTbipexMepHoe npOCTpaHCTBO 6e3 cHHiy- 
napHOCTeH h rpaHHU. C noMombio 3toh bo3mo>khocth moxcho 6mjio 6bi 
o6i.HCHHTb o^Hopo^HOCTb BcejieHHOH b 6ojibiUHX MaciiiTa6ax H OTKJIO- 
HeHHB OT OflHOpOflHOCTH B MCHbUIHX MaCUITaCaX (raJiaKTHXH, 3Be3£bI, 
nejiOBenecKHe cymecTBa), a Taxace cymecTBOBaHHe HaCmo/jaeMbix CTpen 
BpeMeHH. 

npeflnojio^KHM, hto e^HHaa nojiHaa Teopnx co3^aHa - 3to 6y^eT Ha- 
Cop npaBHJi h ypaBHeHHH. Ho Be;m OHa He oTBenaeT Ha Bonpoc, noneMy 
flojiama cymecTBOBaTb BcejieHHafl, xoTopyio onncbiBaeT 3Ta Teopn*. 
«IIOKa CoJIblHHHCTBO yHeHbIX CJIHIUXOM 3aHflTbI pa3BHTHeM HOBbIX Teo- 
pHH, onHCbmawiuHX hto ecTb BcejieHHaa, h hm Hexor^a cnpocHTb ce6fl, 
noneMy OHa ecTb. Onjiocofjibi >xe, Hb a pa6oTa b tom h coctoht, htoCbi 
3ajiaBaTb Bonpoc «noneMy», He MoryT yrHaTbca 3a pa3BHTHeM HayHHbix 
TeopHH. B XVIII Bexe (j)HJioco4>bi chht3jih Bee HejiOBenecxHe 3HaHHH, b 
tom HHCjre h Hayxy, nojieM cBoen jieflTejibHOCTH h 3 aHHManHCb oCcyac- 
.aeHHeM BonpocoB rana: 6bino jih y BcejieHHOH Hanano? Ho pacneTbi h 
MaTeMaTHnecxHH annapaT Hayxn XIX h XX bb. CTann cjihuixom cjioacHbi 
rim (J)hjioco4)OB h BOoCme ajm Bcex, xpoMe cneunanHCTOB. <E>Hjioco4)bi 
HacTOJibxo cy3HJin xpyr cbohx 3anpocoB, hto caMbm H3BecTHUH (Jihjio- 
co4) Hainero Bexa BHTreHiuTeHH no 3T0My noBO^y cxa3aji: «E,aHHCTBeH- 
Hoe, hto eme ocTaeTca (j)HJioco<j)HH, - 3to aHajiH3 H3bixa. Kaxoe yH*nxe- 
HHe 4>HJ10C0(t)HH C ee BeJIHXHMH TpajJHHHBMH OT ApHCTOTeJIB £0 
KaHTa» l . 

HTax, hto »ce npeflCTaBjraeT co6oh coBpeMeHHaa <tw3Hxa h xaxoBa 
TeH^eHHHH ee pa3BHTHH? Ey^eT nejiecoo6pa3HO B3niHHyTb Ha npoiiueH- 
huh (pH3HKoft nyrh rjia3aMH e'e rsopnos h onewnTb ^ocramyToe hx cjio- 

1 XoKum C. KpaTxaa hctophb BpeMeHH ot Cojibnioro B3pbma ao nepHbix 

^bip. 
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3na^eHue <pu3UKU dnn o6bPcneHUP Mupa... 


BaMH. ripoKAe Bcero, hto npeACTaBjweT coGoh <J)H3HKa KaK uejiocTHoe 
o6pa30BaHHe? 

d>H3HKa, b npe^cTaBJieHHH B. BancKoncJm, - 3 to ^epeBO, b HnmieH 
HaCTH CTBOJia KOTOpOrO HaXOAXTCJI KJiaCCHHeCKaa (J)H3HKa, 3JieKTpO,HHHa- 
MHKa H (f)H3HKa TenJIOTbl BMeCTe C LUHpOKO paCKHHyBLUHMHCH BeTB«MH, 
CHMBOJlH3HpyiOmHMH oGlUHpHbie npHJIOXCeHHfl 3THX HanpaBJieHHH. Bbl- 
nie no CTBOJiy Haxo,zjHTC5i aTOMHaH (J)H3HKa c ee BeTBHMH, TaKHMH KaK 
xhmhh, MaTepnajiOBe^eHHe, 3JieiapoHHKa h oirmica. Eme Bbime pacno- 
JIOHCeHa AAepHaJI (})H3HKa C ee MOJIOAMMH BCTBJ1MH, CHMBOJlH3HpyiOmHMH 
HayKy o pa^HoaKTHBHOCTH, MeTO^ MeneHbix aTOMOB, reojiornio h acTpo- 
(J)H3HHecKHe npHJioHceHHH. Ha BepuiHHe, iyje noKa HeT BeTBen, noMema- 
K)TC5i coBpeMeHHLie (J)H3HKa 3JieMeHTapHbix nacTHn h KocMonojiorHa. 
UlecTBAecHT jieT Ha3a,a BepxyuiKon 6e3 BerBen Gbuia aTOMHaa (jmaHKa. 1 

Cjie,ayiomHH Bonpoc: KaKOBa pojib <J)H3Hkh b coBpeM eHHOM MHpe? no 
3TOMy noBo/jy B. refi3eH6epr Bbipa3Hjic» cJieayiomHM o6pa30M: 
«...coBpeMeHHaH <j>H3HKa npe,acTaBjiaeT coGoh tojtbko o^Hy, xoth h 
B ecbMa xapaKTepHyio CTopoHy oGmero HCTopHnecKoro npouecca, 
HMeiomero TenneHimfo k oGbe/mHeHHio h pacuiHpeHHio Harnero coBpe- 
MeHHoro MHpa <...> b jxr yx pemaiomHx nymcrax, OHa, no-BH^HMOMy, 
noMoraeT HanpaBHTb pa3BHTHe no mhphwm pejibcaM. Bo-nepBbix, OHa 
noKaibiBaer, mto npHMeHeHHe opyxcna b 3tom npouecce HMeno Gbi nyno- 
BHIU,Hbie nOCJieACTBHiT, H, BO-BTOpbIX, CBOefi ^OCTynHOCTbK) £JI» MHOrHX 
HCTopHnecKH cjioHCHBuiHxcfl cnoco6oB MbmmeHHfl OHa npoGyxmaeT Ha- 
jxeyKjx y, hto b OKOHHaTenbHOM coctojihhh paanHHHbie KyjibTypHbie Tpa- 
.zihijhm, HOBbie h CTapbie, Gyny cocymecTBOBaTb, hto BecbMa pa3Hopon- 
Hbie nenoBenecKHe ycTpeMJieHHx MoryT GbiTb coeaHHeHbi rji a Toro, hto- 
Gbi Gbuio HOBoe paBHOBecwe Mexcay MbicjiflMH h ^encTBHeM, Mexc^y co- 
^epXCaTeJIbHOCTblO H aKTHBHOCTbK))) 2 . 

H eme ojxhh Bonpoc: KaKOBa qejib (J)H3HnecKOH HayKH? A. 3HHinTenH 
h JI. HH(J)ejib^, 3aBepmaa cboio KHHry «3bojiiouhji 4>h3hkh» 3 , OTMenaioT, 
hto (J)H3HnecKHe KOHuenuHH cTpeMSTCH npe^cTaBHTb KapTHHy peajibHo- 
CTH H yCTaHOBHTb ee CBX3b C MHpOM HyBCTBeHHbIX BOCnpHHTHH. O^HHM 
H3 nepBHHHbix noHHTHH BbiciynaeT noHjrrue oGteKTa. rioHXTHe jnoGoro 
MaTepnajibHoro o6teicra co3,aaeTCfl Ha ocHOBe onbua. <X>H3HKa (JjaicTHHe- 
CKH HaHHHaeTCH C BBeAeHHB nOHflTHa MaCCbl, CHJlbl H HHepUHaJlbHOH CHC- 
TeMbl, KOTOpbie npHBOn«T K ({)OpMyjIHpOBKe MexaHHHeCKOH KapTHHbl 
^eHCTBHTenbHOCTH. .Hjiji (J)H3HKa XIX Bexa peajibHocTb BHemHero MHpa 
cocToxjia H3 nacTHn, Mexc^y KOTopbiMH aencTByioT npocTbie chjili, koto- 


1 Cm.: Baucxontp B. <I>H3HKa b nBa^uaTOM ctojicthh. M., 1977.C. 265. 

2 reu3en6ep2 B. Oh3hkb h c()HJioco({)Ha. M., 1963.C. 175-176. 

3 SuhiumeuH A., HmpejibdJI . 3bojhouhb (J)H3hkh. M., 1965.C.240-242. 
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pwe 3aBHcejiH tojibko ot paccToaHHa. Oh BepHji b to, hto c noMombio 

3THX nOR»THH y/jaCTCfl 06 'bHCHHTB BCe HBJJQHHX npHpO^H. Koi^a (|)H3HKH 
cTOJiKHyjiHct c aBJieHHaMH 3jieKTpoMarHHTHoro xapaicrepa, 6 bIJIO BBe^e- 
ho noHATHe ajieKTpoMarHHTHoro noJia (h6o noHaTHe ajieicrpoMexaHHHe- 
CKOTO 3(J)Hpa B o 6 baCHCHHH 3JieKTpOMarHHTHMX BBJieHHH He MOTJIO 
BCKpuTb hx cymHocTb). toto, htoGli noHHTt, hto He noBejjeHne Tejl, 
a noBe/ieHHe nero-TO Haxojiameroca Mexcuy hhmh, t. e. nojia, ynopajio- 
HHBaeT aBJieHHfl h no3BOJiaeT noHaTb hx cymHOCTb, Tpe 6 oBajincb 3HanH- 
TejibHue ncHxojiorHHecKHe ycHJina. ^ajibHeniiiee pa3BHTHe HayKH ot- 
6 pocHJio CTapLie noHaTHa h bbcjio HOBbie. Tax, Teopwa oTHOCHTejibHocTH 
OT 6 pocHJia noHaTHe a 6 cojiK>THoro npocTpaHCTBa h BpeMeHH h BBejia 
noHaTHe neTbipexMepHoro npocTpaHCTBeHHO-BpeMeHHoro KOHTHHyyMa. 
KBaHTOBaa Teopwa pacicpbuia HOBwe cymecTBeHHbie nepTLi peajiLHOCTH : 
npepbiBHOCTb BCTana Ha mccto HenpepbiBHOCTH, bmccto 3axoHOB, ynpaB- 
jiaiomnx HHAHBH,nyajibHbiMH oGteKTaMH, noaBHJiHCb BepoaTHOCTHbie 
3aKOHbi. Ho uejib <J>H3Hhcckhx TeopHH ocTaaacb npeacHefi - c hx jiomo- 
mbio Mbi nbiTaeMca BcxpbiTb cymHOCTb Ha 6 jno;iaeMbix (JiaKTOB, ynopa- 
aOHHTb H nOCTHHb MHp HyBCTBeHHblX BOCIipHaTHH. To eCTb Mbi CTpe- 
MHMca k TOMy, hto6li Ha 6 jno,ziaeMbie 4>airn>i cjiejiOBajiH H3 Harnero no- 
HHMaHHa peajibHOCTH. Be3 Bepbi bo BHyTpeHHKHO rapMOHHK) Harnero 
MHpa, 6e3 Bepbi b B03M0acH0CTb oxBaTHTb peajibHOCTb c noMomwo Teo- 
peTHnecKHX nocTpoeHHH He MoaceT 6 biTb HayKH. 

OrpoMHoe pa3HOo6pa3we (JiaxTOB b o6jiacTH aTOMHbix aBjieHHH 3a- 
CTaBJiaeT H3o6peTaTb h bbo^htb b o6hxoji HOBbie (J>H3HHecKHe noHaTna. 
BemecTBO coctoht H3 3JieMeHTapHbix nacrau - 3JieMeHTapHbix KBaHTOB 
BemecTBa. Cbct Taioxe coctoht H3 <|)otohob - KBaHTOB 3HeprHH. FIohckh 
OTB eTOB na Bonpocbi, neM aBjiaeTca cbct - bojihoh hjih jihbhcm 4>otohob, 
neM aBjiaeTca nynoK ajieicrpoHOB - jihbhcm 3jieMeHTapHbix nacTHU nan 
bojihoh, noGyacaaeT eme aajibine oTCTynHTb ot MexaHnnecxoro Mwpo- 
B033peHHa. KBaHTOBaa <^H3HKa h 4>opMyjiHpyeT 3aKOHbi, ynpaBjiaiomne 
COBOKyilHOCTaMH, a He HHAHBPmyyMaMH. B KBaHTOBOH (J)H3HKe OnHCbl- 
BaioTca He cbohctbb, a BepoaTHOCTH, 4>opMyjiHpyioTca 3axoHbi, ynpaB- 
jiaiomne H3MeHeHHaMH bo BpeMeHH BepoaTHOCTen, OTHOcamneca k 
6ojibuiHM coBoxynHOCTaM HHjiHBHjiyyMOB, a He 3axoHbi, pacKpbmaiomHe 
6yaymee chctcmm, xax 3 to npncyme KjiaccHHecxoH (J)H3HKe. 

TaKHM o6pa30M, hcmhothm 6ojiee CTa jieT uma^ Hayica 6biJia 
onHcaTejibHoii: onncaHHe flBnaceHHa TBepabix Teji hjih acH^KocTeH b 
M exaHHxe h nmpojjHHaMHKe, cbohctb 3JiexTpHHecKHx h MarHHTHbix no- 
jiefi b 3JieKTpo^HHaMHKe, peaxuHH aTOMOB h MOJiexya b xhmhh. 3aTeM 
uejiH cJ)H3hkh H3MeHHJiHCb: ot onncaHHa OHa nepeuuia k o6bacHeHHio. 
nporpecc HayKH, ocymecTBJieHHbin IljiaHKOM, Ohhuitchhom, Pe3ep(J)op- 
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3HaveHue (pu3unu drift o6bncHeHun Mupa... 


.Hom, EopoM, 3oMMep$enbAOM, IUpeflHHrepoM, TeifoeHSeproM, riayjiH h 
XjHpaKOM npHBeji k otkpmthio KBaHTa .zichctbhh, aTOMa, oSjiajjaiomero 

H^pOM, KBaHTOBaHHWX Op6HT, KBaHTOBOH MCXaHHKH, ^HHaMHKH aTOMa. 
CjieAyiOmHH 3Tan B pa3BHTHH (J>H3HKH OTKpblJICfl pa6oTaMH M. Ckjio^ob- 
CKOH-KlOpH, II03B0JIHBIIIHMH IipHCTynHTb K H3yHeHHK) BHyTpeHHero 
CTpoeHHH aTOMHoro fl£pa. UccjieAOBaHHa erpyKTypbi aTOMa bhhbhjth 
orpoMHoe pa3Hoo6pa3He 3neMeHTapHbix nacTHU, hto 3acTaBHJio <J>h3hkob 
HCK aTb B 3 TOM pa3HOo6pa3HH e^HHCTBO H FlblTaTbCfl CTpOHTb KOHIXeiHJHIO 
oS'be.iiHHeHHH (J)H3 hkh. KjiaccHnecKHH 3Tan b pb3bhthh 4>h3hkh c no- 
CTpoeHHeM KBaHTOBOH TeopHH ycTynHji MecTO HeKJiaccHHecKOMy. Cero- 
(J)H3HKa HanHHacT nepexo,n k nocTHeoKnaccHnecKOMy 3Tany CBoero 
pa3BHTH«. Cuo^cHBUiaaca Ha HeKJiaccHHecKOM 3Tane pa3BHTHJi <})h3hkh 
K apTHHa MHpa ABjiaeTCfl npHHUHnHajibHo He3aBepmeHHOH - omymaeTca 
Bee 6ojibinafl noTpe^HOCTb b nepexo^e k sbojhouhohhoh napaanrMe. 




nOYPOHHblE PA3PABOTKH 
k yne 6 HMKy 
B.A. KacbHHOBa 


y P OK 1. 3jieKTpHHeCKHH TOK. CHJia TOKa. Ycjiobhh, 
HeofixoflHMi.ie fljiH cymecTBOBaHHfl xieKrpHHeckoro TOKa 

Lfejiu: BbiflCHHTb npHpoAy 3jieKTpHHecKoro TOKa; 3aKpenHTb 3iiaHH« 
06 yCJlOBHJTX B03HHKH0BCHH5I H Cy meCTBOBHH H5I 3JieKTpH4eCKOrO TOKa. 

Xo a ypoKa 

I. OpraHH3aUHOHHbIH MOMCHT 

II. H3y<ieHHe hoboi o MaTepxajia 

jKcnepuMeHm 

3apjoKeHHbiH 3JieirrpoMeTp coe/iHHen c tbkhm ace He3apaxceHHbiM. 

Mto npOHexo^HT? Bropofi 3JieinpocKon noKa3biBaer HajiHHvie 3apa- 
A a? 3ap»A nepeHeceH cbo6oahumh 3ap«AaMH 3JieicTpOHaMH, ABH)KymH- 
mhcji no npOBOAHHKy. 

HanpaBJieHHoe ABHxceHHe 3apJDKeHHbix nacrmj Ha3UBaerca 3JieKTpH- 

qeCfCHM TOKOM. 

B MeTamiax cboGoahmmh »bji5uotc» aneKTpOHbi, b pacTBopax cojiefi, 
3iieKTpo ji htob - nojioacHTeiibHue h OTpHuaTeJibHbie HOHbi, b ra3ax - ho- 
HM H 3JieiCTpOHbI. 

cymecTBOBaJi 3JieKTpHqecKHH tok hco6xoahmo: 

1 . HajiKMHe CBoGoAHbix 3apaaceHHbix nacTHU. 

2. HajiHMHe 3JieKTpHHecKoro nojia (none co3AaiOT hctohhhkh TOKa). 
YBHAeTb 3jieKTpoHw (hohw) b npoBOAHHKe HeB03MOHCHO. KaK ace 

mokho o6HapyacHTb 3JieicrpHqecKHH tok? Tok oSHapyacHBaerca no Aefi- 
CTBHK), KOTOpOe OH npOH3BOAHT. 

Tenjioeoe achctbhc TOKa 

3KcnepuMenm 

npHCOeAHHHTe K nOJlIOCaM HCTOHHHKa TOKa XCeJie3HyK) HAH HHKeJlH- 
HOByio npOBOJiOKy. IIpOBOJiOKa Harpeerca h yAAHHHTca, cnenca npOBHc- 
HeT. Ee moacho pacKajmrb AOKpacHa. 

XHMHMCCKOe AeHCTBHe TOKa 

3KcnepuM€Hm 

B cocyA c 3JieKTpojiHTOM, b KanecTBe Koroporo HcnoJib3yeTca CuS0 4> 
onycTHTe ABa yroAbHux aneKTpoAa h noAKJiiOHHTe hx k HCTOHHHKy TOKa. 
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floypcHHbie pa3pa6omKU k yvedHUKy B.A . KacbftHoaa 


npH 3 tom KaTojj nocTeneHHo noKpbmaeTcs KpacHtiM cnoeM Mean, a Ha 
aHo^e Bbmeji5»OTC5i ny3bipbKH ra3a. 

MarHHTHoe fleHCTBHe TOKa 

3KcnepuMeHm 

Ha Hcejie3HbiH rB03£b HaMOTafire mc^hmh npoBoa, noKpbiTbiH H30J1H- 
UHOHHbiM MaTepnajioM, a kohuu npoBO^a coe^HHHTe h hctohhhkom TOKa. 

rB03Ab CTaHOBHTCfl MarHHTOM h npHTjirHBaeT HeSojibuiHe )Kejie3Hbie 
npeflMeTbi: SyjiaBKH, >xejie3Hbie ofihjikh. 

MexaHHHecKoe fleficTBHe TOKa 

SKcnepuMenm 

Ha paMKy HaMOTafrre hcckojibko bhtkob Me^Horo npoBo^a. Kohhbi 
o6motkh npHcoe^HHHTe k nojiiocaM HCTOHHHKa TOKa. IIoMecTHTe paMKy 
Me*my noniocaMH MarHHTa. ripn stom 0Ha HanHeT noBopanHBaTbca. 

OH3HOJiorH4ecKoe aeifCTBiie TOKa 

npH npoxo>KAeHHH nepe3 >khboh opraHH3M tok Bbi3biBaeT coxpame- 
HHe MbllHU. 

Ecjih b uenH ycTaHOBHjiCH 3JieKTpHMecKHH tok, 3to 03HanaeT, hto ne- 
pe3 nonepenHoe ceneHHe npoBO^HHKa Bee BpeMJi nepeHocHTCfl 3JieKTpHHe- 
ckhh 3ap*m. 3apa^, nepeHeceHHbift b e^HHHi^y BpeMeHH, cjiyacHT ochobhoh 
KOJI HH eCTBe HHOH XapaKTCpHCTHKOH TOKa, Ha3bIBaeMOH CHJIOH TOKa. 



CHJia TOKa BejiHHHHa CKajwpHaK. OHa mokct 6brrb KaK I > 0, ecnH 
HanpaBjieHHe TOKa coBna^aeT c ycjioBHeM, BbiSpaHHbiM nojio^cHTejitHbiM 
HanpaBjieHHeM Bjjojib npOBO^HHKa, b iipothbhom cjiynae I < 0. 



nycTb npoBOAHHK HMeeT ceneHHe iuiomajjbio S (pwc. 107). B oSbeMe, 
orpaHHHeHHOM 1 h 2 coaepacHTCJi N = nSAl nacTHij c oGujhm 3apa^0M 

q = q 0 -N , q = q 0 nSAl , me q 0 - 3apflfl o^hoh HacTHijbi. 

Ecjih nacTHua ^BH>xeTC5i co cpe^Hen cxopocTbio u: 
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D 

I _ Aq _ q^nSAlo 
At A l 
I = q 0 nuS . 

Hafi^eM CKOpocTt nepeMemeHH« 3JieicrpoH0B b MeTaJiJiHHecKOM npo- 
BOJJHHKe. V » 7 ■ i0“ 5 m/c, OHa AOCTaTOHHO Majra. 

,5 jia co3AaHHH h no,zmep>KKH ynopH^OHeHHoro abhacchha 3apa>KeH- 
hlix nacTHU HeoGxo^HMa CHJia, neficTByiomafl Ha hhx b onpenejieHHOM 
HanpaBjieHHH. 

Ecjih CHJia nepecTaHeT neficTBOBaTb, to ynop«noHeHHoe yBejiHneHHe 
3apjDKeHHBix nacTHq npeKpaTHTca H3-3a conpoTHBJieHH«: 

F = qE . 

HMeHHO 3JieKTpHnecKoe none BHyTpH npoBOAHHxa cnyxcHT npHHH- 
hoh, BtObiBaiomeH h no,imep)KHBaiomeH ynopanoHeHHoe ABH>KeHHe, 
ecjin BHyrpH npOBOAHHKa HMeeTCfl 3JieKTpHHecKoe none, to Meacny koh- 
qaMH npoBonHHKa cymecTByeT pa3H0CTb noTeHUHanoB: 



Ecjih pa3H0CTb noTeHUHanoB He MeHjieTca bo BpeMeHH, to ycTaHaB- 
JlHBaeTCX nOCTOHHHblH OJieKTpHHeCKHH TOK. 

III. 3 aKpenjieHHe mynemioro MaTepnana 

- HtO Taxoe 3JieKTpHHeCKHH TOK? 

- HtO Hy)KHO C03naTb B npOBO£HHKe> HT 06 bJ B HeM CymeCTBOBaJl TOK? 

- Kax mo3kho HaSnionaTb XHMHnecKoe nencTBHe TOKa? 

- Ene Hcnojib3yeTca TeruioBoe neficTBHe TOKa? 

- HanpaBjieHHe ABHHteHHJi Kaxwx nacTHi; b npoBon«HKe npHHHTo 3a 
HanpaBJieHHe TOKa? 

- KaKOH BejiHHHHOH onpenejweTCji cwjia TOKa b onetcrpHnecKOH ijenn? 

- 4to npHHHMafOT 3a enHHHuy CHJibi TOKa? 

- Kax Ha3biBaeTcn 3Ta BejiHHHHa? 

IV. Flo a aene h h e htotob ypona 

floMauinee Jananne 

n. 1,2. 
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ypoK 2. 3jieicTpH«iecKaH npoBOAHMocn» pauniHimx eemecTB. 

BjieicTpoHHaii npoeonuMocTb MeTaJiJiOB 

IJenb: ycTaHOBHTt pa3JiHHne b ycjiOBHH cymecTBOBaHHa b TBepflbix, 
hchakhx h ra30o6pa3HLix Tejiax. 

Xo a ypoKa 

I. OpraHH3ai|H0HHI>IH MOM6HT 

IL H3yMeHHe Hoaoro MUiepHajia 

fijin cymecTBOBaHHH 3JieKTpHHecKoro Toxa Heo6xo,HHMO ab a ycjiOBHH 
cymecTBOBaHiM 3JieicrpHHecKoro non# h cBoOonHbie 3ap»;«:eHHbie Hacra- 
Ujj. Mh y^Ke 3HaeM, hto b MeTanjiax cbo 6 oahhmh 3 ap»^aMH jibjibiotcb 

3JieKTpOHLI. Il03HaK0MHJlHCb C BOJIbTaMnepHOH XapataepHCTHKOH 3THX 
npOBO^HHKOB. 

HeMeuKHH (j)H3HK K. pHioce b 1901 r. npOBeji cneayiomHH onbiT. Tpw 
npeABapHTejibHO B3BemeHHbix umiHH^pa (j \ Ba MeflHbix h o^hh ajiiOMHHHe- 
BblH) PHKKe CJIOKHJI OTIllJlH(J)OBaHHbIMH TOpUaMH TaK, HTO aJHOMHHHeBblH 

OKa3anca Merc/jy mc^hhmh. 3aTeM uhjihhapm Gmjih BKJiioHeHbi b uenb 
nocroaHHoro TOKa: nepc3 hhx b TeneHHe rona npoxo^HJi tok. BTOpHHHoe 
B3BeniHBaHHe uhjihh^pob noKa3ano, hto Macca uhjihh^pob He H3MeHH- 
jiacb. npH HccjieAOBaHHH topuob He 6buio o6Hapy>KeHO npOHHKHOBeHHe 
oanoro MeTajuia b apyrofi. Pe3yjibTaTbi CBH/ieTejibCTBOBaJiH o tom, hto b 
nepeHOce 3ap«^a b MeTanjiax hohm He ynacTByiOT. /Jjm BbWBJieHHa npH- 
pojibi HocuTejieH TOKa b MeTanjiax Jl. H. ManaejibuiTaM h IL naicajieK- 
ch b 1913 r. npoBejiH cjie^yiomHH onbiT. 

Ecjih MeTajuiHHecKHH cTep5KeHb ,ziBH)KeTCfl nocTynaTejibHO co cKopo- 
CTbK) V, TO HOCHTeJIH TOKa B pe3yjlbTaTe HX B3aHMOneHCTBH5I C KpHCTaJl- 
JlHHeCKOH peuieTKOH nBH^KyTCB TaiOKe CO CKOpOCTblO V. npH pe3KOM 
TopMo^KeHHH CTep>KHJi HOCHTeJIH TOKa 6ynyT nponojDKaTb aBHraTbca no 
HHepHHH. n03T0My B 3aMKHyTOH uenH noaBJIfleTCa KpaTKOBpeMeHHblH 
tok, KOTOpbm o6napy)KHBaeTCB c noMonjbio ranbBaHOMeTpa. B 3 thx 
onbiTax 6buio onpeneneHO OTHomeHHe 3ap*ma k Macce HOCHTejiew 3ap*i- 
na. 3Haa 3ap*m 3JieKTpoHa, mohcho 6 biJio onpenejiHTb Maccy nacTHU. OHa 

OKa3anacb nopanxa 10 30 kt, hto b HecKOjibKO tmchh pa3 MeHbrne Maccbi 
HOHa. Bbiboa: hochtcjuimh MorjiH 6biTb tojibko 3jieiapoHbi. 

HeMeuKHH 4>H3 Hk IL JJpyne b 1900 r., onHpancb Ha npencTaBJieHne 
06 3JieKTpHHecKOM TOKe b Merajuiax KaK ynop5moneHHOM nBHaceHHH cbo- 
6onHbix ajieiopoHOB Me^cny hohbmh KpHCTajuiHHecKOH pemeTKH non 
neiiCTBHeM BHeuiHero aneKTpHHecKoro nojia, C03Aaji TeopHio 3Jieiopo- 
npOBonHMOCTH MeTajuioB. B ocHOBe 3 toh TeopHH jieacaT cjienyiomHe 
AonymeHHa: 
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1. CBodo/iHbie 3JieKTpoHti b Merajuiax bcz^'t ce6a KaK MOiieKyjibi Hae- 
ajibHoro ra3a: «3jieKxpoHHbiH ra3» no;iHHHaeTCH 3aKOHaM nneafibHoro ra3a. 

2. BH^ceHHe CBoSoAHbix 3JieKTpoHOB b MeTanjiax nojjHHHaeTca 3a- 
KOHaM KJiaCCHHeCKOH MexaHHKH HbKDTOHa. 

3. CBo6c>AHbie 3jieKTpoHbi b npouecce hx xaoTHHecKoro ^bh^kchha 
CT ajiKHBaiOTCfl He Me^ay co6oh, a c HOHaMH KpHCTaiuiHHecKOH pemeTKH. 

4. npH CTOjiKHOBGHHax 3JieKTpoH0B c HOHaMH 3JieKTpoHbi nepejjaioT 
HOHaM CBOHD KHHeTHHeCKyK) 3HeprHK) nOJIHOCTblO. 

3th .aonymeHHfl orpy6juiK)T HCTHHHyio xapTHHy HBjieHHa, ho, He- 
CMorpa Ha oto, Ha ochobc 3JieKxpoHHOH xeopHH h yaanocb oGtacKHTb 
ocHOBHbie 3aKOHbi 3JieKrpH4ecKoro Toxa b MeTan^ax. 

IloCTpOHTb y/lOBJieTBOpHTeJlbHyK) KOJIHHeCTBeHHyiO TeOpHJO £BH5Ke- 
HHfl 3JieKTpOHOB B MexaJIJie Ha OCHOBe 3aKOHOB KJiaCCHHeCKOH MexaHHKH 
HCB03M07KH0. ^BHTKCHHe 3JieKTpOHOB B MeTajlJie nO^qHHfleXCJI 3BKOHaM 
KBaHTOBOH (j)H3HKH. 

Hapajiy c MeTamiaMH xoponiHMH npoBOAHHKaMH aBJiaroTca BO^Hbie 
paCTBOpW HJ3H paenJiaBbI 3JieKTpOJIHTOB. 

SKcnepuMenm . FIponycKaHHe 3JieKTpHHecKoro Toxa qepe3 bo^hmh 
pacTBop noBapeHHOH cojih. 

B o6biHHbix ycjiOBHax ra3 aBJiaeTca H 30 JiaT 0 p 0 M, ho ecjiH ra3 hohh- 
3HpyeTCfl, TO OH CTaHOBHTCX npOBO^HHKOM. 

SKcnepuMenm. 3jieKTpHHecKaa ^yra. 

K jx ByM yrojibHbiM 3jieKTpo,naM npHcoeaHHanyr TpaHct^opMaTop Twna 
KAT, y KOTOporo HMeiOTca rHe3,aa Ha 30 B. Cbojjht yniH ro conpHKOc- 
HOBeHna h pa3BOA»T. Ha6nK)AaeTca ropeHHe AyrH b Bo3,xyxe. 

KpOMe npoBOAHHKOB h jiH3Jie Kxp hko b HMeexca rpynna aemecTB, 
npOBo^HMocTb KOTOpbix 3aHHMaeT npoMeacyTOHHoe noao>KeHHe Me^y 
npOBO^HHKaMH H ^H3JieKTpHKaMH. OHH HOJiyHHJlH HaXBaHHf TIOJlV^pO- 
BO^HHKOB. 

III. Bonpocu fljin 3aKpenjiewHH 

B neM 3aKJHOHaeTca onwx pHKKe? KaxoBa ero ocHOBHaa aaea? 

- B qeM 3 aKjnoqaexca H,nea onbiTa MaHAejibiiiTaMa-riariajieHCH. 

- KaKOBbI OCHOBHblC nOflOTKeHUA JJieKTpOHHOli XeopHH 3JJCXTpOJ7pO- 

BO^HMOCTH MeTajIJIOB? 

- KaKHe BemecTBa Ha3biBaioT nojiynpOBO^HHKaMH? 

KaKHe BemecxBa oTHOcaTca k 3JieKTpojiHxaM? 

“ B peayjibTaTe KaKoro npouecca ra3 CTaHOBHTca ajieKTponpOBoaHbiM? 

IV. no^BejxeHHe htotob ypoxa 
AoMauiHee iaxaime 

§2 
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Ypoic 3. OcHOBHbie npeflCTaBjiemm 
3JieKTpOHHOH TeOpHH MeTaJlJlOB. 

IIOCTOHHHblH TOK B npOBO^HHKe 

Lfejib: paccMOTpeTb iciaccHHecKyio ojieKTpOHHyio xeopmo. 

Xo,a ypoKa 

I. OpramnauHOHHbiH momcht 

II. IIoBTopeHHe H3yHeHHoro MaTepuaJia 

- ^to Ha3bmaeTC5i ajieirrpHHecKHM tokom? 

- KaKHe HanpaBJieHHa TOKa npHHHMaioT 3a nojioacHTejibHbie? 

- KaKoe ycjiOBue Heo6xo;*HMO jui* cymecTBOBaHns ajieKTpuHecKoro 
nojia? 

- Hto Ha3biBaeTC« chjioh TOKa? 

- Kaxaa (JjopMyjia BbipaxcaeT cmmcji 3Toro nOHjrrua? 

- B KaKHX e^HHHuax H3MepaeTca CHJia TOKa? 

III. Hbynemie hoboto MaTepitajia 

3^eKTpHMeCKHH TOK M05KCT npOXO^HTb Hepe3 pa3JIHHHbie BemeCTBa: 
MeTajiJibi, pacTBopbi h pacnJiaBbi sjieinpojiHTOB, npH oco6bix ycJiOBHax b 
ra3ax. 

J \ JIB TOTO HTo6bI B03HHK 3JieKTpHHeCKHH TOK HeoSxOflHMO, HT06bI 
HMejiHCb 3apaaceHHbie qacTHUbi, cnoco6Hbie nepeMemaTbca no,a jjeHCT- 
BHeM 3jieKTpHHecKoro nojw. TaKHMH nacTHuaMH MoryT 6biTb ajiefopoHbi 

H HOHbl. 

npH npoxoacneHHH 3jieicrpHHecKoro TOKa nepe3 MeTajumnecKHe npo- 
BO^HHKH, 3JieKTpHHeCKHH TOK He BbJ3bIBaeT HHKaKHX H3MeHeHHH B HpO- 
BO^HHKe, KpoMe HarpeBaHna. 

3 to 6 wjio noATBepacaeHO onbiTOM 3 . Phkkc (1901 r.). B ero onbiTe 
37ieKTpHHecKHH tok nponycKanca b TeneHHe ro^a nepe3 Tpn npHacaTbix 
^pyr k Apyry, xoporno OTnuiH^OBaHHbix uHJiHH^pa - Me^Hbifi, amoMH- 
HHeBWH, Me^HbiH. 3apa#, KOTopbiif npomeji 3a 3 to Bpewa, oneHb bcjihk 
( 3,5- 10 6 Kji). FlocJie OKOHHaHHa 6biJio ycTaHOBjieHO, Maccbi uhjihrupob 

He H3MeHHJIHCb, HMejiHCb He3HaHHTeJIbHbie CJieABl B3aHMHOTO npOHHKHO- 
BeHwa MeTajuioB, KOTopbie He npeBbimajin pe3yjibTaTOB o6bi i nioH J)- 
4>y3HH. Cjie^oBaTejibHO, CBo6o£HbiMH 3apjmaMH b MeTajuiax hbjuuotcji 
3JieKTpOHbI. 

npaMoe ^0Ka3aTejibCTB0 cnpaBeflJiHBOCTH stoto npeflnojioxceHHa 
6 wjio nojiyneHO b onbrrax, nocTaBjieHHbix b 1913 r. pyccKHMH (J)H3HKaMH 
JI. H. MaH^ejibiiiTaMOM h H. rianajiecKH hb 1916 r. aHr/iHHaHaMH 
P. ToJineHOM h T. CnoapTOM. 

3jieKrpoHbi b MeTajuiax HaxoA»TCH b HenpepbiBHOM flBHaceHHH. y 60Jlb- 
IUHHCTBa MetaJUIOB KaacablH aTOM HOHH3HpOBaH. ri03T0My U = 0,1 mm/c. 
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CKopocTb ynopHAoneHHoro abidkchh# 3jieKTpOHOB Majia. Ona b cothh 
MHJLJIHOHOB pa3 MeHtUie Cpe^HeH CKOpOCTH TerUIOBOrO ABHXCeHHB 3JieK- 
tpohob. IloHeMy >iee naMna BKjuoHaerca non™ MmoBeHHo? C orpOMHOH 
CKopocTtK) pacnpocTpamreTCH 3jieKTpHqecKoe none 300 000 m/c. 

OcHOBHue npe^cTaBJieHns KJiaccHMecKOH 3JieicrpoHHOH TeopHH Me- 
TaJIJlOB CBOJ^BTCH K CJie,flyK>mHM nOJKHKeHHHM! 

1. Merajuibi HMeiOT KpHcraJuiHHecKyJo peiueTKy, b yanax KOTOpow 
naxoA»TC» nojio)KHTejn>Hbie hohli. 

2. Meamy yanaMH KpHcrajumnecKOH peuiencH flBHxcyrca CBoOo^Htie 
3jieicrpoHU. /],RH)KeHne npoHCxoAHT no 3axoHaM KJiaccHHecxoH MexaHHKH. 

3. H3-3a MHoroqHCJieHHux ctojikhobchhh j^bjokchhc cbo6o4hux 
3JieicrpoHOB hocht qacTHWH xapaicrep. 

4. n P H HZUIHHHH 3JieiCTpHHeCKOrO nOJM K XaOTHHeCKOMy ABHXCeHHH) 
HaKjia^UBaeTCH ^pewtj) oneiapoHOB. 

5. BHeuiHee none He BJiHsier Ha KOHueHrpaiuno HOCHTeneit Toxa h 
cpennee BpeMH hx CBo6o^Horo npoGera. 

IV. 3 aKpenneHHe H 3 yneHHoro MaTepHana 

- FlepeHHCJiHTe BemecrBa, aBjuiiomHeca xopouiHMH npoBonHHxaMH 
3jieKTpHHecKoro Toxa. 

- IlepeHHCJiHTe Heo6xoAHMbie ycnoBHa cymecTBoaaHHa ojiex- 
rpHHecKoro roxa b Merajuiax. 

- 4tO Ha3blBaJOT 3JieKTpHHeCKHM TOKOM B MeTajniaX? 

- Kaxofi 3KcnepnMeHT nonTBepnHJi cymecTBOBaHHe b MeTajuiax cbo- 
6oahux 3JieKTpOHOB? 

- no xaxoif 4>opMyjie onpenejixeTcx cHJia TOica b npoBonHHxe? 

V. nonaeneHHe moron ypoica 

^oiwauiHce 3anaHHe 

n. 1,2. 

riOBTOpHTb 3anHCH B TCTpa^H. 


YpoK 4. ConpoTHBJieHHe npoBOinmica 

Ifenu: onpeneJiHTb, ot xaxHx napaMeTpOB 33 bhcht ConpoTHBJieHHe 
npOBOAHHKa; 03HaKOMHTb C HBJieHHeM CBepxnpOBOAHMOCTH. 

Xgjx ypoKa 

I. OpraHH3aUHOHHblH MOMCHT 

II. IIOBTOpeHHe 

- noneMy npoBOAHHK, no KOTOpOMy hjxc t tok narpeBaeTCH? 

— Ot Hero 3aBHCHT 3JieicrpHqecKoe ConpoTHBJieHHe npOBOAHHxa? 


14 B. A. Bojikob 
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- C4>opMyjiHpyHxe 3aK0H ^oyjia-JIeHua. 

III. IIpoBezieHHe ;ia6opaTopnoii pafioxbi 

JIaOopaTopHan paoora 
«Onpe/iejieHHe TenjioeMKocTH TBep^oro Tejia 
(3JieKTpHHeCKHM MeT0,I|01Vi)» 

Xo a pafioTbi 

1. Bo3bMHTe TBep^oe xejio UHJiHH^pHnecKOH (J)opMbi h onpeaeJiHxe 
ero Maccy HapbinaHCHbix Becax. 

2 . IloMecTHTe ero b bohhohhe.ih MexoJi h ycxaHOBuxe HMMepcHOHHbm 
HarpeBaxejib h xepMOMexp. 

3. 3aMKHHxe ijenb h npH noMomw peocxaxa ^oSenxecb nouyHeHHfl 
nojjxo^mero 3HaneHHJi chjiu xoKa m HanpsoKeHHa. 

4. OxMepbxe HanajibHyio xeMnepaxypy, BKJiiOMHxe ceicyH^oMep h 
3aMKHnxe uenb kjhohom. 

5. Kor^a np0H30H,aex 3aMexHoe noBbimeHne xeMnepaxypbi, oxMexbxe 
BpeMH h HauBbicmyio xeMnepaxypy. 

Q = me At ; Q - IUr ; 
me At -lUx\ 

IUr 

c = . 

mAt 



6. C^enafixe blibo/j. 


IV. Haynemie hobojo MaTepnajia 

CornacHO sneKxpoHHOH xeopnn: 
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R = 


m l 
l 2 nr * S ’ 


r, 1 771 

ho R = p—=> p- — yaejibHoe conpoTHBJieHHe npOBOjiHHxa. 

S l nr 

ConpOTHBJieHHe MexaJIJIOB CBJI3aHO C TCM, HTO 3JieXTpOHbI, JJBHHCy- 
mHeC« B IipOBOflHHKe, B3aHMOaeHCTByiOT C HOHBMH XpHCTaJUlHHCCXOH 
pemeTKH h TepaioT nacTb CBoen 3HeprHH, KOTopyio ohh npHo6peTaiOT b 
3JieKTpHnecKOM nojie. Tax KaK Macca h 3apa,a 3JiexTpoHa nocToHHHbi, 
KOHUeHTpaUHJI 3JieKTpOHOB npOBO^HMOCTH B MeTaJIJiaX (JiaKTHHeCXH He 
3aBHCHT OT BHCL1IHHX B03JieHCTBHH, HHCJIO COy^apeHHH 3JieKTpOHOB C 
HOHaMH 3aBHCHT ot TeMnepaiypbi, no3TOMy yaejibHoe conpoTHBJieHHe 
MeTajuioB aojdkho 3aBHceTb ot TeMnepatypbi. 


Ortbim 

B uenb, coaepacamyio 6aTapeio axxyMyjiaTopoB h CTajibHyio cnnpajib 
nocneaoBarejibHo bkjhohhtc jiaMny, HanpaBJiaa cnHpajib npn noMomn 
ropejiKH. IlpH 3 tom HaGjHOflaeTca yMeHbiueHHe apxocTH jiaMnw. 
yMeHbniHJiacb CHJia Toxa, yuejiHHHJiocb conpoTHBJieHHe. 

3aMeHHTe CTajibHOH npOBoaHHK Ha flpyrofi. IlpH noBbimeHHH TeMne- 
paTypw conpoTHBJieHHe MeTanJiOB yBejiHHHBaeTCH npH6jiH3HTejibHO 
nponopnHOHajibHO hx a6cojiK>THOH TeMnepaType. 

p = p 0 (\ + aAT); 

a « 0,004 KT 1; 

R = Rq (l + aAT) . 


Ha 


BbipaaceHH* p = 


mU 
l 2 nX ’ 


X = Ur cjie^yeT, hto yaejibHoe conpo- 


THBJieHHe flOJDKHO 6bITb npOnOpUHOHaJIbHO KBaapaTHOMy KOpHIO H3 
TeMnepaTypw. Meacay TeM, H3 onbiTa H3BecTHO, hto yaejibHoe conpo- 
THBJieHHe nponopqnoHajibHo aScojnoTHOH TeMnepaType. 

3T0 He ejIHHCTBeHHafl TpyflHOCTb XJiaCCHHCCKOH TeopHH npOBO^HMO- 

cth MeTajmoB. 3th h apyrne npoTHBopeHHH pa3peuiHMbi tojibko c no- 

MOUIblO KBaHTOBOH <j)H3HXH. 

B Hana^e XX Bexa rojuiaHacxHH yneHbrn T. KaMepjiHHr-OHMec npe- 
BpaTHJi b HCHaicoe cocTOHHHe rejiHH. TeMnepaiypa xnneHHfl acnaxoro 
rejiHB 4,2 °K. 

Hccjieaya conpoTHBJieHHe pTyra oh o6Hapy>KHJi, hto npH 4,12 °K 
conpoTHBJieHHe ynajio a o Hyjia. 

3to »BjieHHe noTepn MeTaiuiOM ojiexTpHHecxoro conpoTHBJieHHe npn 
onpejiejieHHOH TeMnepaType nojiyHHJio Ha3BaHHe cBepxnpoBoaHMocTb. 


14 * 
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Hirrepec k «BJierono Boapacran no Mepe o6Hapy>KeHH5i MaTepwanoB, y ko- 
TOpMx CBepxnpoBO^HMOCTb HaciynaeT npH 6ojiee bhcokoh xeMnepaiype. 

B 1987 r. cxajm h3bccthh MaTepnajiu, ofijiajiaiomHe CBCpxnpoBOAH 
moctmo npn TCMneparype okojio 100 °K. HccjieAOBanHJi b 3toh o6jiacm 
Be^yrca ohchb hhtchchbho . TeopenwecKH upe/icKaaaHa bo3Moxhoctl 
nojiyneiiHa cBepxnpOBOAHiHHx MarepHajTOB npn KOMHamon TeMnepaiy- 
pe. HirrepecHo, hto tbkhmh MaTepnanaMH sBJwerca npocrafl KepaMHKa. 
B HacToamee BpeM« HaynmiHCB nojiynaTb CBepxnpoBOA&mHe rmacTHHU 
h npoBOjioicy H3 3xoro xpynxoro Marepnajia. 

V. 3aKpeiuieiiHC HiyneHHoro MaTcpHajia 

- B HeM npHHHHa 3aBHCHMOCTH COnpOTHBJieHHJI npOBOAHHKOB OT 
TCMnepaTypu? 

- Ilpn BKjnoneHHH ajieiapHHecKOH JiaMnbi cnjia Toica b nepBUH mo- 
MeHT 3HaHHTCJibHo OTjiHHaeTCfl ot cHJibi Toxa b jiaMne, Kor^a oHa 
HaHHHaer cbcthtl. IToneMy? 

- B HeM COCTOHT JIBJieHHe CBepXnpOBOAHMOCTH? 

VI. PeiuctiHc 3a#aH 

1. 3jieiopHHecKoe conporHBJieHHe BOAb<j>paMOBOH hhth ajieiapHHe- 
ckoh JiaMnu npn TeMnepaType 23 °C paBHo 4 Om. HaifAHTe sjieicipHHe- 
CKoe conpOTHBJieHHe hhth npH 0 °C. a - 4,8* 1 0 3 KT 1 . 

(Omeem: 3,6 Om). 

2. 3jieiapHHecKoe conpOTHBJieHHe BOjn>(J)paMOBOH hhth npH 0 °C 
paBHo 3,6 Om. HanzniTe 3JieicipHHecKoe conpOTHBJieHHe npH TeMnepaTy- 
pe 2700 °K. 

(Omeem: 45,5 Om). 

3. OjieiapHHecKoe conpOTHBJieHHe npoBonoKH npn TeMnepaType 20 °C 
paBHo 25 Om, npn TeMnepaType 60 °C - 20 Om. HaituHre TeMnepaTyp- 

HHH K03(J)(J)HHHeHT TJieKTpHHCCKOIO COnpOTHBJieHHfl. 

(Omeem: —4,51 0" 3 K" 1 ). 

4. Kakob TeMnepaiypHUH K03<j><j>HnHeHT 3 JieiopHHecKoro conpoTHB- 
jieHHx MaTepnajia npoBO ah hka, ecnn npH narpeBanHH ot 0 °C ao 100 °C 
ero 3jieKTpHHecRoe conpOTHBJieHHe yBejiHHHJioct Ha 0,1 %. 

(Omeem: 10 s KT 1 ). 

VII. IIoABeAenHe htotob ypoica 
/JoManinee 3aAaHHe 

n. 9, 10. 



ypOK 5. 3aKOH O ua dnst yvacmtca i^enu. ConpomueneHue 


421 


YpoK 5. 3a ico h Oina win ynacnca uciih. Coiipothujichhc 

ifejiu: no3HaKOMim> ynamoxcs c ojieinpHHecKHM conpoTHBjieHHeM 
npOBOAHHKOB KaK (J)H3HMeCKOH BCJIHHHHOH; BCnOMHHTb 38KOH OMa. 

Xoa ypoica 

I. OpmHHiaitHOHHblH MOMCHT 

II. IloBTOpeHHC Hiy^ieHHoro MaTcpwajia 

- Mto xaxoe anexTpHqecKoe HanpjraceHHe? ( Pamocmh nomemfuanoe.) 

- no tcaKOH <^opMyjie HaxoAHrcsi HanpraceHMe? 

~ Kax Ha3UBaercfl npn6op jum H3MepeHHx HanpjDKemui? 

- Kax o6o3HaHacTc« Hanpjraceioie Ha cxeMax? 

- KaicHMH npasiuiaMH cae/jyeT pyKOBO^CTBOBan»ca npH bkjhohchhh 
BOJ ibTMerpa b ueiib? 

III. H3yHeHHe uoeoro luaTepnajia 

Ajo* cymecTBOBaHHa TOica b npoBo;uiHKe Heo6xoAHMO coxflaTb pa3- 
HocTb noreHUHanoB Ha ero KOHqax. Cwia xoica onpe^ejweTCJi 3 toh pa3- 
HocTtK) noTCHimajioB. HeM 6ojibrae HanpaxceHHOCTL ojieicrpHHecKoro 
nojui b npoBO^HHKe, tcm 6ojibuiyfo cKopocn. HanpaBJieHHoro ABHxceHHa 
npHo6peraiOT 3apxxceHHbie Hacnmu. 

J\jix lcaacaoro npoBO^HHKa - TBepqoro, xcejie3Horo h ra30o6pa3Horo 
cymecTByeT onpeqejieHHa* 3aBHCHMOCTb CHJibi TOKa ot npmioxceHHoii 
pa3HOCTH noTeHHHajioB Ha KOHqax npoBOAinnea. 

Taicaa 3aBHCHMOCTb Ha3braaerca BOJibT-aMnep h oh xapaicrepHCTH koh 
npoBo^HHKa. HaH6onee npocroH bha hmcct BOJibr-aMnepnaa xapaicrepH- 
CTHKa MCTaJUIHHeCKHX npOBOAHHKOB H paCTBOpOB 3JieiCTpOJlHTOB. Bnep- 
Bbie (ajib MerajmoB) ee ycraHOBHJi Teopr Om, noaroMy 3aBHCHMOCTb 
CHJ1U TOKa OT lianpjDKeHRH HOCHT H 33 BOH HC 30K0H OmUI 



IV. Ah&jiiu 3KCitepHMeHTOB 
3KcnepuMenm 1 
CoGepeM uenb (cm. pnc. 109): 

i 'l 


Puc. 109 

Pe3Hcrop npeAcraBJuiei co6oh icycox npoBOJioKH. 3anoMHHM noKa3a- 
hhk aMnepMerpa. 
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3aMeHHM pe3HCT0p Ha KycoK npOBOJiOKH H3 apyroro MaTepHajia Ta- 
xon ace ahhhi.1 h c toh ace ruioma^bio nonepeHHoro ceneHHa. IIoxa3aHHa 
H3M€HHJIHCb. HanpHHCCHHe OCTaBaJlOCb HeH3MeHHbIM. 

CHJia TOKa 3aBHCHT OT CBOHCTB npOBO^HHKa. Pa3Hbie npOBO^HHKH 
o6jiauaK)T pa3JlHHHUMH COTipOTHBJieHHHMH. BHAHO, HTO COITpOTHBJieHHe 
3aBHCHT OT MaTepHajia, H3 KOTOpOrO H3TOTOBJTeH npOBOAHHK. 

3KcnepuM€Hm 2 

Co6epeM cxeMy KaK b npejjbmymeM onbrre, ho bmccto pe3HCTopa no 
onepeflH BKJiiOHaeM b nenb )xejie3Hbie npOBOJiOKH pa3HOH /tJiHHbi, ho c 
o^HHaKOBOH iuiomaabio nonepeHHoro ceneHHfl. 

ConpOTHBJieHHe 3aBHCHT OT /UlHHbl npOBOAHHXa. 

3i<cnepuMeHm 3 

Ta ace cxeMa, hto h b npeAHAymnx onbiTax. B xanecTBe pe3HCTopa 
no onepe^H BKjnonaeM b uenb jjBa xycxa ncejie3HOH npOBOJiOKH paBHon 
^JIHHW, ho c pa3HOH miomajibio nonepeHHoro ceneHHa. 

ConpOTHBJieHHe 3BBHCHT ot njromajiH nonepeHHoro ceneHHfl npo- 
Bo^HHKa: 


V. IIo^Be^eHHe htotob ypoica 


ypoK 6. PeuieHHe 3a,naH 
no TeMe: «3aKOH OMa ajih ynacTKa uenn» 

Ifenu: HayHHTb npHMeHHTb Ha npaxrnxe TeopeTHHecKHe 3HaHH«. 

Xo,n ypoKa 

I. OpraHH3aUH0HHbIH MOMeHT 

II. PeuieHHe 3aAa*i 

1. npH npoTeKaHHH nocToaHHoro Toxa chjioh 3,2 mA nepe3 nonepen- 
Hoe ceneHHe npOBOAHHxa nponuio 1 8* 10 18 3JiexTpOHOB. OnpeaejiHTb b 
MHH yTax npOTexaHHe Toxa. 

(Omeem: 15 mhh.) 

2. 06mee ConpOTHBJieHHe AByx nocjieaoBaTejibHO coejjHHeHHbix npo- 
BOflHHxoB 5 Om, a napajuiejibHO coe^HHeHHtix 1,2 Om. Onpe^ejiHTb co- 
npoTHBJieHHe xaac^oro npoBo^HHxa. 

{Omeem: R, = 2 Om, R 2 = 3 Om.) 

3. npOBOjioxa HMeer ConpOTHBJieHHe 20 Om. Korzja ee pa3pe3ajin Ha 
Hecxojibxo nacTen h coeAHHHJin 3 th nacTH napajniejibHO, to nojiyHHJiocb 
ConpOTHBJieHHe 1 Om. Ha cxojibxo nacTen pa3pe3ajiH npoBOJioxy? 




VpoK 6. PetueHue 3adav 
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( Omeem : n = 5.) 

4. ^Ba conpoTHBjieHHfl R\ = 8 Om h R 2 = 24 Om BKjnoHeHM napaji- 
jieJitHO. Cnjia TOKa, TeKymero nepe3 conpoTHBJieHHe R 2 paBHa 25 mA. 
HaitanTe CHJiy TOKa, TeKymero nepe3 conpoTHBJieHHe Rj. 

(Omeem: 75 mA.) 

5. K HCTOHHHKy TOKa c HanpaxceHneM 200 B iio;jkjik)hhjih ,Tpn conpo- 
THBjieHra R] = 60 Om, R 2 = 30 Om - napajuiejibHO flpyr jjpyry h R 3 = 36 Om 
nocjieflOBaTejiLHO c hhmh. Onpe.nejiHTb HanpjraceHHe Ha R t . 

6. AMnepMeTp, bkjhohchhhh nocJieflOBaTenbHO c conpoTHBJieHHeM 
10 Om, noKa3bmaeT tok 0,4 A. nojjKJHOHeHHMH k TOMy >Ke conpoTHBjie- 
hhk) BOJiBTMeTp noKa3MBaeT 3 B. OnpeaejiHTh BHyTpeHHee conpoTHBJie- 
HHe BOJIBTMeTpa. 

(Omeem: R = 30 Om.) 

7. HaitaHTe pacnpeaejieHHe ckji tokob h HanprcKeHHH b cxeMe, H3o6pa- 
>KeHHOH Ha cxeMe, ecjiH Uab = 100 B, R] = 3 Om, R 2 = 2 Om, R 3 = 7,55 Om, 
R 4 = 2 Om, R 5 = 5 Om, R* = 19 Om. 


Puc. 110 

(Omeem: 3 A; 12 B; 6 A; 12 B; 10 B; 75,5 B; 6,25 A; 12,5 B; 2,5 A; 
12,5 A; 25 A; 12 B.) 

8. Tpw pe3HCTopa Ri = 20 Om, R 2 = 20 Om, R 3 = 5 Om noflKJHoqeHbi k 
HCTOHHHK y nocTOJiifHoro HanpflaceHHJi. HanpjOKeHHe Ha pe3HCTOpe R 2 
paBHO 10 B. OnpeAejiHTe CHJiy TOKa, KOTopbiH 6y^eT npOTeKan, qepe3 
pe3HCTop R 3 nocjie toto, KaK R 2 h R 3 noMeHim> MecTaMH. 


Puc. Ill 

(Omeem: 0,5 A.) 

9. MHjiJiHaMnepMeTp c npejjejiOM H3MepeHHn tokob 25 mA Heo6xo- 
;ihmo Hcnojn,30BaTb KaK aMnepMeTp c npe^ejioM H3MepeHH« 5 A. KaKoe 
conpoTHBJieHHe aojdkch hmctb rnyHT? ConpoTHBJieHHe MHJiJiHaMnep- 
MeTpa 10 Om. 

(Omeem: R m = 50,2 Om.) 

10. ripe^eji H3MepeHH5i BOJibTMerpa 100 mB. ^o6aBOHHoe conpoTHB- 
JieHHe 4 kOm, noAKjnoqeHHoe k BOJibTMeTpy, yBenHHHBaeT npejjeji ero 
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H 3 MepeHH» .no 400 mB. Kaicoe no 6 aBOHHoe conporHBJieHHe hcoGxoahmo 
no^icjiioHHTb k BOJitTMerpy, hto 6 u npe^eji H 3 MepeHHa cocxasiui 1,6 B. 
(Omeem: R a = 20 kOm.) 


YpoK 7. Crpoefme chjiu. 3 JXC . 

3aicoH OMa pn dojihoh ueim 

Ifejib: c(j)opMyjiHpoBaTb 3 Akoh OMa ajui nonHoil uenn. 

Xo j\ ypoKa 

I. OpraHHiauHOHHWH momciit 

II. IIpOBeAeHHe caMocToarejibHOH pafioTM 

1 . KaieoBo conpomBjieHHe 1 m nposona H3 KOHCTairraHa AHaMeTpoM 
0,8 mm. (Omeem: 1 Om.) 

2. Il3BeCTHO, HTO COIlpOTHBJICHHC CnHpaJIH JiaMIIOHKH xapMaHHoro 
({)OHapHKa cocraBJwer 15 Om. Kaieoii aahhu BOJit(|>paMOBbiH npOBOA 
B3JTT aim H 3 roroBJieHH« cnHpaJiH, ecjiH ee flHaMerp paneii 0,1 mm? (Om- 
eem: 2,14 m.) 

3. npH naMOTKe icaiymicH H3 MeAHoro npoBona ee Macca B03pocjia Ha 
17,8 r, a conporHBJieHHe oxajajjocL paBHUM 34 Om. OneHHTe no 3 thm 
A aHHMM AiiHHy h ruiomant nonepCHHoro cchchhh npOBona. (Omeem: 
20 m;~ IO^m 2 .) 

III. 03yHeHHe hobopo MaTepuajia 

flflx Toro hto6m tok He npexpamaJica, iico6xoahmo, hto6m nojioacn- 
rejiLHbie 3apaAU, nepeMemaiomHeca Ha tcjio B c xejia A, bhobl B03Bpa- 
inanHCB Ha tcjio A, a orpHuaTejibHue - BoaspamajiHct Ha reno B. Ha He- 
KoropoM yMacnce 3aMKHyroH neim aapjmw ABHrajiHCt npOTHB Aeii crByio- 
mHX Ha hhx ajieicrpocTaTHHecKHx chji. fljia 3xoro Ha 3ap«Aw AOjracHM neH- 
CTBOBarb Apyrne chjiu, Hanpaanemiue b nporHBonojioacHy k> ajietcrpocra- 
THnecKHM cHJiaM cTopoHy. TaKHe chjiu HeojieKTpocrarHHecKoro npoHC- 

XOaCACHHS Ha 3 bIBaiOTC» CTOpOHHHMH CHJIBMH. B HCTOHHHKe TOKa Ha 3 JICK- 

TpHneciaie 3ap«AU AencTByioT cropomiHe chjiu. CTopoHime chjiu b pa3- 
JIHHHUX HCTOHHHKaX B03HHKaiOT no pa3HUM IIpHHHHaM. Bo BpeMa pa 60 TU 
HcroHHHKa HenpepuBHo nepeMeiuaiorrca nanoaorrejitHue 3apAAu Meacuy 
3JieicrpoAaMH or OTpHijareji bHoro nojooca k nojioaarrejn>HOMy. HeM 
6ojiune 3ap«A nepeMemaerca, reM 6oju»inaa pa6ora Act coBepmaerca. 

OrHomeHHe pa6oTU ctopohhhx chji k 3HaqeHmo nojioaarrejitHoro 
3apaAa, nepeiiocHMoro BHyrpn HcroHHHica, naTUBaior ojieirrpoABHacy- 
mefi CHJIOH HCTOHHHKa (3RC). 



VpoK 7. CmpoeHue cunts l 3/fC. 3aKOH Qua dm nonnou tjenu 
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q 

YHaCTKH 3JieKTpHHeCKOH UeilH, Ha KOTOpbIX 3JieKTpH4eCKHH TOK C03- 
j^aercji TOJTbtco 3 JieKTpmecKHM nojieM, Ha3wsaK>T o^hopo^hmmh. 

3 okoh Omo : 



yqacroK nenH, Ha xoropoM fleiicTByioT cropoHiiHe chjih, naiuBaioT 
HeOAHOpOOHUM. 

3 QKOH Om(i djia nonnou i^enu: 


r^e r - BHyipemiee conporHBJiCHHe HCTOHHHxa Toica [Om]; R - 
Biieimiee conpOTHBjicHHe uenn [Om]. 

3J\C HCTOHHHKa MOHCHO H3MepHTb, eCJIH HCTOHHHK 3aMKHyTb Ha 
BOJibTMerp R By conporHBJiCHHe Koroporo 3HaMHTejibiio 6ojibtue BHyrpeH- 
nero conpoTHBJieHHfl, Toraa BHyrpeHHHM conpoTHBJieHHeM moxho npe- 
He6penb. 

Ecjih k nojnocaM HCTOHHHxa npHCoeaimeH npOBO^HHK, conporaBJie- 
HHe Koroporo Mano no cpaBHeHHio c BHyrpeHHHM conpoTHBJieHHeM hc- 
TOHHHKa, 3T0T CJiyHaH Ha3bIBaiOT KOpOTKHM 3aM bJKaHHCMI R = 0. 



Tok KopoTKOro 3aMbocaHHB Moxcer ^ocmrarb nopaoxa 20-200 A, a hho- 
rj \ a h 1000 A. B dtom cuynae mohcct nporooinn neperpea irpoROAOR, noacap 
ViaHHJi, *no6bi HaOeacan, yroro b uenb BxmoHaioT i ipe/ioxpajturej i h. 

IV. 3aKpenjiCHHc MarepHajia 

- KaxoBO naaHaMeHHe HCTOHHHxa Toxa? 

- Mto raKoe cropoHHHe chjim? 

- Hto Taxoe 3flC? 

- Kax (J>opMyjiHpyeTca 3axoH OMa juw ynacnca ueiiH? 

- Kax <J)opMyjiHpyercH 3axon OMa ana nojiHon uenH? 

- Mto Taxoe xoporxoe 3aMbixaHHe? 

V. PcmcHHe 

1 . BaTapeinca .ana xapMaHHoro <|K)Hapa 3 aMxnyra Ha peocrar. IIpH 
conpoTHBjieHHH peocTara 8,65 Om HanpjoxeHHe Ha HeM 3,3 B, a npn co- 
npoTHBJiCHHH 3,5 Om - HanpjnxeHHe 3,5 B. Haitanre BHyrpeHHee conpo- 
THBJieHHe h 3RC SaTapeHKH. ( Omeem : r = 0,2 Om, e = 3,7 B). 

2. Hctohhhxom Toxa b nenn cjiyaorr 6axapeHxa c 3fl,C = 30 B. Ha- 
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npJDKeHHe Ha 3a>KHMax 6aTapen 18 B, a CHJia TOKa b uenn 3 A. Onpe^e- 
JiHTe BHeuiHee conpOTHBJieHHe h BHyTpeHHee conpoTHBJieHHe uenn. 
(Omeem: R = 60m, r = 4 Owl). 

3. K nojnocaM HCTOHHHKa TOKa c 3 JSp 8 B npHCoe^HHHjin npoBo/iHHK 
conpoTHBJieHHeM 30 Om. npH stom Hanpfl)KeHHe Me>KAy KOHuaMH npo- 
Bo^HHKa cTaao 6 B. He\iy paBHO BHyTpeHHee conpoTHBJieHHe hctohhhkb? 
(Omeem: 10 Om). 

J],OMaiiiHee la^aime 

n. 3, 4. 


ypoK 8 . Pc hj cmie 3 a/iaH 

Ifejib: HayHHTb ynamHxca npHMeHHTb TeopeTHnecKHe 3 HaHHa npH 
pemeHHH 3 ajjan. 

Xoa ypoKa 

I. OpraHH3ai|H0HHbIH MOMeHT 

II. IIOBTOpeHHe 

- H3 Hero cKJia^biBaeTca nojiHoe conpoTHBJieHHe nenn? 

- Hto TaKoe cTopoHHee none? 

- Kaicyio BeJiHHHHy Ha3biBaioT ajieinpoflBHHcymeH chjioh? 

- Tae co 3 ^aiOTC 5 i CTopoHHne non*? 

- C(J)opMyjiHpyHTe 3 aKOH OMa jyia ynacTKa nenn. 

- C(J)opMyjiHpyHTe 3 aKOH OMa ajih nojiHon uenn. 

- HeMy paBHa cwjia TOKa npH kopotkom 3 aMbiKaHHH? 

- C(J)OpMyjiHpyHTe 3 aKOHbi napajuieJibHOro h nocJie^OBaTenbHoro co- 
e^HHemw. 

III. PeiueHHe aaaan 

3ada*iu na «3» 6ajuia 

1 . Onpe/iejiHre CHjiy TOKa h na^eHHe HanpaHceHHfl Ha npoBoaHHKe Rj , 
ecjiH /?, = 2 Om, R 2 - 4 Om, R 2 = 6 Om. 3/lC - 4 B, r = 0,6 Om. 



(Omeem: /= 0,8 A, U= 1,6 B.) 


Puc. 112 





ypOK 8. PeiueHue 3adav 
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2. ^eMy paBHO o6mee c onpoTHB ne Hue 3JieKTpHHecKOH nerm? 


Ri Rj 



Puc. 113 

R t = R 2 =15 Om; R 3 = R 4 = 25 . 

(Omeem: R = 20 Om.) 

3. Onpe^ejiHTe cwiy toks b npoBo^HHKe R 2 , ecjiH R 2 - 9 Om, R)-6 Om, 
ecjiH 3RC — 2 B, r = 0,4 B. 



Puc . 114 


{Omeem: I = 0,2 A.) 

4. Hawra o6mee conpOTHBJieHHe, ecjiH R\ - 8 Om, = 2 Om, R 3 = 4 Om, 
#4 = 6 Om. 

Ri R 2 


(i Omeem : 5 Om.) 


CZh-L 


Pac. 7/5 


3adauu na «4» dajuia 

1 . KaKOBa cHJia TOKa b npoBozunnce # 3 , ecjiH 3J\C = 3 B, ero BHyT- 
peHHee conpOTHBJieHHe 1 Om. R { = R 2 = 1,75 Om, R 3 = 2 Om, # 4 = 6 Om. 



{Omeem: 0,13 A.) 

2. Hairm o6mee conpOTHBJieHHe. 
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R\ - 15 Om, R 2 - 15 Om, = 15 Om, ^4 = 8 Om, R 5 = 8 Om, 
R 6 = 12 Om. 

( Omeem : 21 Om.) 

3. OnpeAejnm 3 J\C h BHyipewiee conpoTHanemie HcroHHHica TOica, 
ecjiH npH BHenmeM conpoTHBJieHHH 3,9 Om cmia TOica b uenw 0,5 A, a 
npH BHenmeM coitpothbjichhh 1,9 Om cwjia TOica 1 A. 

{Omeem: 0,1 Om, 2 B.) 

4. Hair™ o6mee conponiBJieHHe, earn R i = 4 Om, R 2 =5 Om, 
= 4 Om, R a = 20 Om, R^ = 12 Om, =4 Om. 

R 3 Ri 


r 6 


{Omeem: 19 Om.) Puc 08 

3adanu ua «5» 6ajmoe 

1. Hair™ cHJiy TOKa bo Bcex pe3Hcropax, a Tai oxe 3 J\C HcroHHHxa 
TOica c MajibiM BHyrpeHHHM conpommneHMeM, earn R { = 7,5 Om, R 2 = 4 Om, 
/? 3 = 12 Om, R a = 6 Om, R s = 3 Om, R 6 = 6 Om, a noKaiaHHH aMnepMeTpa 
10 A. 

R2 


Aic. 119 

{Omeem: 5 A; 15 B; 1,9 A; 2,5 A; 0,6 A; 2,5 A; 7,5 B; 7,5 B; 15 B.) 













ypOK 8. PeiueHue 3adav 
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2. Hairrn o6mee conpoTHBJieHHe: 


Rj R.2 R 3 



2 

/?, =0,5 Om, R 2 =1,5 Om, R 2 =R a ~R € =\ Om. R 5 =— Om. 

( Omeem : 1 Om.) 

3. 3flC = 20 B, r = 1 Om, =4 Om, R 2 =3 Om, =12 Om, 
R a = 6 Om. HaHTH noKa3aHRH BOJibTMeipa h aMiiepMerpa. PaccHHTaHTe 
CHJiy TOKa h na#eHHe HanpJDKeHHS Ha ksok^om h 3 npoBOflHHKOB. 



(Omeem: 5 A; 15 B; 1,9 A; 2,5 A; 0,6 A; 2,5 A; 7,5 B; 15 B.) 

4. Hafim o6mee conpoTHBJieHHe. ConpoTHBJieHHe Kaac^oro 1 Om. 



(Omeem: 1 Om.) 

^OMamuee saaamie 

P - 340; P - 345. 
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ypoK 9. 3aKOH J^oyjiH-JIemja 

Ifejib : BbiBecxH 3 Bkoh Jl^coyjui-JIeHua, hcxoa» H 3 KJiaccHHecKOH 
ajieKTpoMarHHTHOH Teopnn. 

Xo jx ypoKa 

I. OpraHHiauHOHHbiii momcht 

II. IIOBTOpeHHe 

- HTO TaKOe 3JieiCTpHHeCKHH TOK? 

- KaicoH bmboa c^ejiaH H 3 pe 3 yjibTaTOB onwTa Phkkc? 

- OnwuiHTe om>iT MaqaejibiiiTaMa h IlanajieKCH? 

- 3 anuuiHTe ypaBHeHHe ^bh>kchhb sjieicrpoHOB b npoBOAHHKe c to- 
KOM? 

- HtO TaKOe KOHUeHTpaUHH HaCTHU? 

- Hto Taicoe cwjia TOKa? 

- BwBeAMTe (JjopMy^y CKopocrm HanpaBjieHHoro .hbhjkchhh ajieinpo- 

HOB. 

- KaKOH TOK Ha3bIBaeTCB nOCTOHHHBIM? 

- Hto mohcho CKa3aTb 06 sjieicrpHHecKOM nojie nocTOHHHoro TOKa? 

III. FIpOBCaCHHC CaMOCTOHTeJlbHOH paOOTbl 

Bapuaam I 

1 . KaKHMH HOCHTeJWMH 3JieKTpHHeCKOrO 3apa^a C03AaeTCB 3JieKTpH- 
necKHH tok: a) b Merajuiax; 6 ) b ra3ax? 

A. a - tojibko ajieKTpoHaMn; 6 - nojio>KHTejibHbiMH h OTpwqaTejib- 
HblMH HOHaMH. 

B. a - TOJIbKO 3JieKTpOHaMH; 6 - nOJlOHCHTCJIbHblMH H OTpHqaTejlE,- 
HblMH HOHaMH H 3JieKTpOHaMH. 

B. a - 3JieKTpOHaMH H nOJIO>KHTejIbHbJMH HOHaMH; 6 - TOJIbKO 
3JieiCTpOHaMH. 

2 . Kanoe MHHHMajibHoe kojihhcctbo 3JieKTpHHecTBa mo>kct 6biTb ne- 
peHeceHO 3JieicrpHHecKHM tokom Hepe3 ra3, pacTBop 3JieKTpouHTa h ne- 
pe3 MeTajui? 

A. MoaceT 6biTb nepeHeceHO jno6oe MHHHMajibHoe. 

B. Hepe3 ra3 Jiio6oe, nepe3 pacTBop ajieKTpoJiHTOB h MeTajui - 
1,6-KT 19 Kji. 

B. Bo3mo»ch nepeHoc 1 ,610 19 Kn. 

3. EcJIH C03^aTb XOpOIIIHH KOHTaKT MOK^y Me^HOH H aJHOMHHHCBOH 
njiacTHHaMH h nponycKarb tok b TeneHHe ro^a, H3MeHHTca jih Macca 
SpycKOB? 

A. m A i yBejiHHHTca. 

B. mcu yMeHbuiHTCfl. 




YpoK 9. 3aK0H /J)Koyn»-JleHL{a 


431 


B. Macca 6pyctcoB He H3 mchhtch. 

4. 3jieKTpoHw b MeTaJiJiax Be,nyT ce6a Kax MOJiexyjibi ra3a. Kax H3Me- 
hhtch tok b npOBOAHHKe, k KOTOpOMy npnjioxceHo HanpaaceHne, eCJlH 
yBejiHHHTb TeMnepaTypy npoBojjHHKa? 

A. YBeJIHHHTCH. 

E. YMeHMHHTCH. 

B. He H3MeHHTCH. 

5. Kax H3BecTHO, 3JieKTpoHu b MeTaJiJiax ynacTByioT b jjByx jjBH^eHH- 
hx: xenjiOBOM h ynopjmoneHHOM. CxopocTb xaKoro ^BHxceHHH 6oJibiue? 

A. TenjioBoro. 

E. ynopu^oqeHHoro. 

B. Hohth paBHbl. 

6. 3jieKTpH4ecKaa npoBOjjHMocTb bo^hbix pacTBOpoB 3JieKTpojiHTa 
oSycJioBJieHa: 

A. riOJIOXCHTeJIBHLIMH HOHBMH. 

E. OrpHIjaTeJlbHblMH H nOJIOXCHTeJIbHblMH HOHaMH H 3JieKTpOHaMH. 

B. ri0JI0)KHTeJIbHWMH H OTpHUaxeJIbHblMH HOHaMH. 

( Omeembi : 1. E. 2. B. 3. B. 4. E. 5. A. 6. B.) 

Bapuanm II 

1 . KaxHMH HocHTejiHMH sjieinpHHecKoro 3 ap 51 .ua co3,aaeTC5i 3jieKTpH- 
necKHH tok b pacTBOpe ajieKTpojiHTOB, b ra3ax? 

A. B paCTBOpaX 3JieKTpOJlHTOB - nOJlO^CHTeJlbHblMH H OTpHUaTeJIb- 
HblMH HOHaMH, B ra3ax - 3JieKTpOHaMH. 

E. B pacTBopax 3JieKTp0JiHT0B h ra3ax - nojio>KHTejibHbiMH h ot- 
pHUaxeJIbHWMH HOHaMH. 

B. B pacTBopax 3jieKTpojiHTOB - noJioxcHTejibHbiMH h oxpHqaTejib- 
HblMH HOHaMH, B ra3aX - nOJIOHCHTejIbHblMH H OTpHqaTejIbHblMH 
HOHaMH H 3JieKTpOHaMH. 

2. KaKoe MHHHMajibHoe KOJinnecTBO 3JieKTpHHeeTBa MoaceT 6biTb ne- 
peHeceHO 3JieKTpHHecKHM tokom nepe3 nojiynpOBO^HHK h BaicyyM? 

A. Hepe3 noJiynpoBO^HHK cKOjibKO yro^HO Manoe, nepe3 BaKyyM - 
1,6-KT 19 Kji. 

E. Hepe3 BaxyyM CKOJib yroflHo Manoe, a nepe3 nojiynpoBo^HHK - 
1,610~ 19 Kji. 

B. Bo3MO«eH nepeHoc 1,6-KT 19 Ku. 

3. OnbiTbi MaH^ejibmTaMa-IlanajieKCH, CTioapTa-TojiMeHa, Phkkh 
noATBepAHJiH, hto npOBO^HMocTb b MeTaJiJiax: 

A. 3jieKTpoHHaB. 

E. HoHnax. 

B. 3jieKTpOHHO-HOHHaB. 

4. npH yBejiHneHHH TeMnepaTypbi npOBO^HMOCTb ra3a: 
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A. y BejmMHBaeTca. 

E. yMeHbiuaercfl. 

B. He H3MeHaeTca. 

5. Ecjih y npoBo^HHKa TeMnepaTypy o^Horo KOHija no;mep)KHBaTb 
Bbirne TeMnepaxypti Apyroro, to icaKOH 6y^eT pa3Hocn> noTeHUHanoB 
U r -U x -? 

A. PaBHa Hyjiio. 

E. U r - U x < 0. 

B. U r - U x > 0. 

6. 3jieKTpHMecKaa npoBOAHMocTb MeTaJiJioB o6ycjiOBJieHa: 

A. riOJIO)KHTeJII>HMMH HOHaMH. 

E. Cbo6oahi>imh ajieicrpoHaMH. 

B. OTpHItaTeJIBHblMH HOHaMH. 

(Omeembi: 1. B. 2. B. 3. E. 4. A. 5. B. 6. E.) 


IV. CUyneHiie hoboto MaTepuajia 

npOBo^HHK, no KOTOpoMy Tener tok, HarpeBaeTca. HarpeBaHne o6b- 
SCHaeTCa CTaJIKHBaHHeM 3JieKTpOHOB npOBOAHMOCTH CO BCTpeHHbIMH 
nacTHuaMH: 



T 

llycTb 3 a 3 to BpeMfl npomjio N TjieKTponoB- lloACHHTaeM pa 6 oTy, co- 
BepmeHHyio cHJiaMH conpOTHBJieHHa npH nepeMemeHHH ajieicrpoHOB Ha 
paccToaHHH 1 3a BpeMa t. 


Q = = NFJ = NF c o-t = N~t ■ 


II . J ml 2 ^ 

v = — =>0 = r - /; 

Nl { NtPj 


N = nN = nSl ; 



R=-j - — — =>Q = I 2 Rt . 
l 2 nr S 


V. Pememie la/ian 

C. 344, 323-326. 

VI. IIoABeACHHe HToroe ypoica 

^OMaumee 3a/ianHe 
n. 14. 

3aAana Ks 327. 
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YpoK 10. PeiueHue 3a^an 
no Teiwe: «3 skoh ,Hafoyjifl-JIeHaa» 

Lfejtb: HayHHTt npHMeHHTb Ha npaicrHKe TeopeTHMecKHe 3HaHHa. 

Xo,n ypoKa 

1. PeuieHHe aa^an 

1. Hairm BpeMa, b xeneHne Koroporo no npoBO^HHKy men nocTOHHHbiH 
tok, ecjm jyvi nepeHoca 3ap5wa b 10 Kji nepe3 npoBO^HHK c conpoTHBJieHH- 
eM 1 Om noTpeOoBajiocb coBepinarb pa6oTy 10 (Omeem: t = 10 c). 

2. JSpa. npoBOflHHica conpoTHBjieHHeM 10 Om h 14 Om coe^HHeHbi na- 
pajuieubHo h noflKJiioHeHM k HCTOHHHKy TOKa. 3a HeKOTOpoe BpeMa b 
nepBOM npoBO^HHice Bbi^ejiHjiocb 840 JJpc TemiOTbi. Kaicoe kojihhcctbo 
T enjiOTM BbiAejiHJiocb 3a to ace BpeMH bo btopom npoBOflHHKe? (Omeem: 
600 Rx). 

3. conpoTHBJieHHa npw nocneflOBaTeJibHOM BKJTioneHHH b cen» c na- 
npa^ceHHeM 100 B noTpeOjwioT H3 cerw moiuhoctb 40 Bt. Ilpn rrapajrjiejib- 

HOM BKJHOHeHHH B Ty 7KQ CCTb OHH IIOTpe6jIflIOT CyMMapHyiO MOIUHOCTb 

250 Bt. Hanra BejiHHHHbi 3 thx conpoTHBJieHHH. (Omeem: R x = 50 Om, 
R 2 = 50 Om). 

4. npn peMOHTe njiHTKH ee cmipajib yxoporajiH Ha 0,1 nepBOHanajib- 
hoh jyiHHbi. HaiiTH OTHomeHHe HanajibHOH moihhocth njiHTKH k KOHen- 
hoh npH BKJHoneHHH ee b Ty ace 3JieKTpHHecicyio ceTb. 

5. ^Be oflHHaKOBbie JiaMnoHKH MomHocTbio 100 Bt Ka^aa, paccnn- 
TaHHbie Ha HanpaaceHne 120 B, coejumeHbi napajuiejibHO. KaKoe conpo- 
THBJieHne Ha^o noj^KjnoHHTb nocjie^OBaTejibHO c jiaMnonicaMH, hto6li 
ohh ropejiH b HOpMajibHOM pe»HMe npH BKJHoneHHH b ceTb Hanpa^ceHH- 
eM 220 B. (Omeem: R = 60 Om). 

6. Ecjih r Ba conpOTHBJieHHa coe^HHHTb napajuiejibHO h bkjhohhtb b 
ceTb c HeKOTopbiM HanpjDKeHHeM, to Ha ojjhom H3 hhx BbmejiHTca moih,- 
HOCTb 100 Bt, a Ha flpyroM 400 Bt. Kaicafl moihhoctb BbmeJiHTca Ha Ka- 
yKjx om H3 3thx conpoTHBJieHHH, ecjro hx nocJiejioBaTeJibHoe coe^HHeHHe 
BKjnoHHTb b ly ace caMyio ceTb. 

7. Onpe^ejiHTb MOiiXHOCTb, noTpe6jiaeMyio 3JieKTpHnecKHM qaiiHH- 
kom, ecjiH b HeM 3a 40 MHHyr HarpeBaeTca 3 ji bo^bi ot 20 °C jxo 100 °C 
npH KIIA = 60 %. (Omeem: 700 Bt). 

8. OjieicrpoKaMHH HMeeT use oGmotkh. npH bkjhohchhh ojihoh H3 
hhx TeMnepaTypa B03,nyxa b KOMHaTe noBbimaeTca Ha 1 °C 3a. 10 mhh., 
npn BKjnoneHHH npyron nepe3 6 mhh. Ha ckojibko MHHyT Ha^o bkjho- 
HHTb xaMHH, qTo6bi noBbiCHTb TCMneparypy Ha 1 °C npH napajuiejibHOM 
coe^HHeHHH othx o6motok? 


15 B. A. Bojikob 
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9. 3jieKTpo^BHraTeJib TpaMBaa paGoTaeT npw cuae TOKa 108 A h Ha- 
npa^ceHHH 500 B. KaxoBa cxopocTb TpaMBan, ecjiH ^BHraTent co3^aeT 
cnny Tam 3,6 kH, a Kim = 70 %? ( Omeem : u = 10 m/c.) 

10. KoH^eHcaTop cmkoctbio 10 mkO 3apa>KaeTca fioctojwhlim tokom 
nepe3 conpOTHBJieHHe R - 1 MOm. *Iepe3 KaKoe BpeM« nocne Hanana 
3ap5mKH 3HeprH«, 3anaceHHaa b KOH^eHcaTope, CTaHeT paBHOH 3HeprHH 
BbmeJiHBiueHCji npH conpOTHBjieHHH? (Omeem: t = 20 c.) 

^OMauiHee 3aaaHHe 

n. 15. 


Ypoic 11. JIaGopaTopHasi pafioTa 
no Teivte: «Onpe,nejienHe 3JieKTpuHecicoro conpom BJiemia» 

Odopydoeanue : ripoBojioHHMe paAnaTopu (3 hit.), hctohhhk nocrro- 
aHHoro Hanpfl>xeHHa, aMnepMeTp, BOJibTMerp, kjiioh, cneuwaJibHue npo- 
Bo^a. 


Xoa ypoxa 


1. Co6epHTe 3JieKTpHHecKyio uent (pwc. 123). H3MepbTe cmiy TOKa b 
uenH, Hanpa>xeHHe Ha pa3JiHHHMX ynacricax. 



Puc. J23 


3anonHHTe Ta6nmjy: 


I 

u, 

U 2 

U 3 

u 

R - U ' 

R ' “T 

R 

**- I 

R - U > 
R '~ I 

R = " 

I 











CpaBHHB CyMMy ConpOTHBjieHHH OTfleJlbHBIX pC3HCTOpOB (R\ + R 2 + Ri) 
c o6iuhm conpoTHBJieHHeM R, caejiairre bhboa. 

2. CoSepHTe 3JieKTpH4ecKyio uerib (pwc. 124): 
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H 3 MepwB CHJiy TOKa h Hanpa>KeHHe, HaiinHTe o 6 mee conpOTHBJieHHe R. 
Ucnoiib3ys HanaeHHwe b npe^aj^ymeM 3 a^aHHH conpoTHBJieHHJi, 3anoJi- 
HHTe Ta 6 jiHixy. 


1 

R 

i 

i 

R 2 

1 

R^ 






3 . OnpeaejiHTe 3KcnepHMeHTajibHbiM nyTeM o 6 mee conpoTHBjieHHe 
Menu h cpaBHHTe ero c TeoperHMecKH HaitueHHbiM, 

Ri R2 



f^3 Puc. 125 


AoMauiHee la^anne 

P-331; P-332. 


YpoK 12. PeuieHHe 3a^aH 

IJejib: HayHHTb ynaiunxca npHMeH«Tb TeoperHHecKHe 3HaHH« npw 
pemeHHH 3anan. 

Xoa ypoKa 

I, OpramuauHOHHbiH momcht 

II. Bonpocbi ajih noBTOpeiiHs 

- HanHuiHTe <})opMyjiy conpoTHBJieHHH o;*HOpo/jHoro npOBOAHHKa 
nocToaHHoro ceMeHHa? 

- HeMy paBHa CHJia TOKa npH kopotkom 3aMWKaHHH? 

- C<J>opMyjiHpyHTe 3aKOH OMa jx m ynacTica qenn. 

- 3anHiuHTe 3aKOH OMa ^ji« 3aMKHyTofi ueim. 


15 - 
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- C(j)opMy^npyHTe 3aKOHU napajureubHoro coe^HHeHHK npoBO^HHKOB. 

- 3anHimiTe 3aKOHti nocnezioBaTejibHoro cocahhchha npoBo^HHKOB. 

- HeMy paBHa moiuhoctl TOKa b 3aMKHyTOH uenn? 

- KaK HaxoAHTca none3Haa MOiijHOCTb? 

- no KaKOH (JjopMyjie moxcho Hairra noTepw moihhocth b hctohhhkc? 

- HeMy paBeH KIIJJ, HCTOHHHKa TOKa? 

- n P H KaKOM COnpOTHBJieHHH Harpy3KH nOJie3Ha5l MOIHHOCTb MaKCH- 
MaabHa? 

III. IlpoBeAeHHe caMOCTonTejibHou pa6oTbi 

1. PaccHHTaHTe cHJiy TOKa b ijenn HCTOHHHKa c 3RC paBHbiM 9 B h 
BH yTpeHHHM COIIpOTHBJieHHeM 1 Om npH nOAKJJIOHeHHH BO BHeiUHKHO 
uenb pe3HCTOpa c conpoTHBjieHHeM b 3,5 Om. ( Omeem : 2 A.) 

2. K HCTOHHHKy TOKa C BHyTpeHHHM COnpOTHBJieHHCM 1 Om nO/HCJIfO- 
hhjih nocne^oBaTejibHo aMnepMeTp h pe3HCTOp c conpoTHBjieHHeM 2 Om. 
npH 3 tom aMnepMeTp noKa 3 aji 1 A. Mto noKaaceT aMnepMeTp, ecjin hc- 
nojn>30BaTb pe 3 HCT 0 p conpoTHBjieHHeM 3 Om? (Omeem: 0,75.) 

3. B nenn BOJibTMeTp noKa3breaex 3 B, a aMnepMeTp 0,5 A. npn cHJie 
TOKa 1 A BOJitTMeTp noKaatiBaeT 2,5 B. KaKOBti 3JXC h BnyTpeHnee co- 
npoTHBJieHne HCTOHHHKa? (Omeem: 3,5 B; 1 Om.) 

IV. Pememte 3ana*t 
3adanu na «3» 6ajuia 

1. ConpOTHBJieHHe njiaTHHOBOH npoBojiOKH npn TeMnepaType 20 °C 
paBHo 20 Om, a npH TeMnepaType 500 °C npHHHMaeT 3HaneHHe 59 Om. 
HaitawTe 3HaneHHe TeMnepaTypHoro K03(])(|)H4HeHTa conpoTHBJieHHH 
njraTHHH. (Omeem: 0,0041 1/°C.) 

2. KaKyfo pa6oTy coBepmaeT ^BuraTejib noaoTepa 3a BpeMH, paBHoe 
30 mhh, ecjin oh noTpeSjifleT b uenn HanpaaceHneM 220 B tok chjioh 
1,25 A, a ero KUJl = 80 %. (Omeem: 396 k^)K.) 

3. HQ\iy paBHO HanpJOKeHne Ha KOHijax npoBo/iHHKa, HMeiomero co- 
npoTHBJieHHe 20 Om, ecjin 3a BpeMjr, paBHoe 10 mhh, nepe3 Hero npoTe- 
KaeT aneKTpHqecKHK 3ap«A 200 Kji. (Omeem: 6,7 B.) 

4. Ko/THnecTBO TenjiOTbi, BbmejiaeMoe 3a 54 mhh npoBo/iHHKOM c to- 
kom, paBHo 20 k/Jhc. Onpe^ejiHTe CHJiy TOKa b npoBo^HHKe, ecjin ero 
conpOTHBJieHHe paBHo 10 Om. (Omeem: 2, 6 A.) 

3adanu na «4» 6ajuia 

1. 3JJC HCTOHHHKa TOKa paBHa 1,6 B, ero BHyTpeHHee conpoTHBjie- 
HHe paBHo 0,5 Om. HeMy paBeH Kn/l HCTOHHHKa npH cnne Toxa 2,4 A? 
(Omeem: 25 %.) 

2. JIh(J)t MaccoH 2 t nojjHHMaeTca paBHOMepHO Ha BbicoTy 20 m 3a 1 
MHHyry. Hanpa>KeHHe Ha 3a>KHMax aaeicrpoABHraTejifl paBHo220 B, ero 



VpoK 13. Jla6opamopHafi pa6oma 
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Kim paBeH 92 %. Onpe^ejiHTe cHJiy TOKa b neiiH 3JieKTpoaBHraTejia. 
( Omeem ; 32 A.) 

3 . noflteMHbiH KpaH no^HHMaer rpy3 Maccon 8,8 t Ha BbicoTy 10 m b 
T eneHHe 50 c. OnpeaejiHTe HanpjoKeHHe b uenn, ecJiH cHJia TOKa, no- 
Tpe 6 jiaeMa« KpaHOM, paBHa 100 A, KI1/1, = 80 %. (Omeem: 220 B.) 

4 . BojibTMeTp, paccHHTaHHWH Ha H 3 MepeHne HanpjoKeHHA ao 30 B, 
HMeeT BHyrpeHHee conpoTHBJieHne 3 kOm. Kaxoe AonoAHHTeAbHoe co- 
IlpOTHBJleHHe HyACHO npHCOeflHHHTb K BOJlbTMeTpy, HTo6bI HM MOACHO 

6 buio H 3 Mep»Tb Hanpa^KeHHe ao 300 B? (Omeem: 27 kOm.) 


3adauu ho «5» 6aiuioe 

1 . 3jieKTp0B03 Maccofi 300 t cnycKaeTca bhh3 c ropbi co ocopocTbio 
72 km/h. Ykjtoh ropbi paBeH 0,01. Ko3<J)({)HHHeHT conpOTHBJieHHa abh- 
aceHHK) paBeH 0,02, HanpaAceHHe b jihhhh paBHO 3 kB, KUJ \ = 80 %. On- 
pe^ejiHTb c onpoTH BjieH He o6motkh 3AeicipoABHraTeAA 3jieKTpOB03a. 
(Omeem: 2,4 Om.) 

2. Hctohhhk riHTaeT bhcihhioio upn b. IlpH cnjie TOKa 2 A bo BHeui- 
Hen uerm BbmejiffeTcs MomHOCTb 30 Bt. OrrpeAeAnre ciiny TOKa npu 
kopotkom 3aMbiKaHHH HCTOHHHKa TOKa. (Omeem: 8 A.) 

3. 06motk 3 DJieKTpOABHraTejia nocTOAHHoro TOKa caejiaHa H3 npOBo- 
A a, conpoTHBJieHHeM 2 Om. Flo o6motkc TeneT tok. Kanyio MoujHocTb 
noTpe6ji«ex ABHraTejib, ecan h3bcctho, hto HanpAAceHHe b ceTH paBHo 
1 10 B, CHJia TOKa paBHa 10 A? KaKOB KTl/l ABHraTeAa? (Omeem: 80 %; 
1,1 kBt.) 

4. 3^C HCTOHHHKa 16 B, ero BHyTpeHHee conpOTHBAeHHe 3 Om. 
HaiiTH conpOTHBAeHHe nenn, ecAH H3BecTHO, hto mohihoctb TOKa b Hew 
16 Bt. OnpeAeAHTe KI7/1 HCTOHHHKa TOKa. (Omeem: 1 Om h 9 Om; 25 % 
h 75 %.) 

V. IToABeACHHe HToroB ypona 

^OMaiUHee 3aAamie 

n. 11; 9. 

P - 354; P - 357. 


VpoK 13. JladopaTopHan pafioTa 
no TeMe «OnpeAejieHiie 3J\C h BHyTpeHHero 

COnpOTHBJieHHH HCTOHHHKa TOK3» 

Odopydoeanue: hctohhhk TOKa, peocTaT, aMnepMeTp, BOAbTMeTp, 
KAIOH, COeAHHHTeAbHbie ripoBOAa. 
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Xoa ypoica 

1 . Peimrre lajrany. 

Ojihh h tot ace hctohhhk TOKa CHanana no^KjnonaioT k o^HOMy pe- 
3HCTOpy, a 3aTeM k /ipyroMy: b nepBOM cjiynae nanpaaccHHe Ha nojnocax 
HcroHHHKa paBHo £//, a CHjia TOKa b uenw //, bo btopom cjiynae cootbct- 
CTBeHHO U 2 H 1 2 . MeMy paBHM 3J\C H COnpOTHBJieHHe HCTOHHHKa. 

2. Co6epnTe ijenb (pnc* 126)* 


Puc. 126 

3. IIpH A»yx pa 3 Hux noJioaceHHKX nojnyHKa peocrara H 3 Mepi»Te 3 Ha- 
HeHHa BejiHHHH, Heo6xo^HMhix juix onpeAejieHiw 3 flp h BHyrpeHHero 

COnpOTHBJieHHS HCTOHHHKa* 

4* 3anojiHHTe Ta6jiHijy* 




5* Bocnoji£»30BaBuiHci» 4>opMyjiaMH, noJiyneHHbiMH b Hanajie pa6oTbi, 
BbIHHCJIHTe 3 RC H BHyTpeHHee COnpOTHBJieHHe HCTOHHHKa* 

6. OncmoHHTe uem* ot HCTOHHHKa h c noMombio ROJibTMeTpa H3- 
MepbTe ero 3,HC. H3MepeHHoe 3HaneHHe cpaBHHTe c HaiizieHHbiMH b 
npejibi^ymeM 3ajiaHHH* 

^OMauiHee 3aaaHHe 

P - 367, P - 370* 
n* 8, 9* 


ypOK 14. KoHTpojibHasi pa6oTa 

Lfejib: npOBepKa 3HaHHH h yMeHHH ynauinxca. 

Xoa ypoica 
Bapuanm I 

1* OnpeACHHTb CHjiy TOKa b npoBOAHHKe R 2 h HanpaateHne Ha KOHijax 
npoBOAHHica /? 3 , ecjiH 3J\C HCTOHHHKa 2, 1 B, ero BHyTpeHHee conpoTHB- 
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jieHHe 1,2 Om, R x = 1 Om, R 2 = 5 Om, R$ = 4 Om. ( Omeem : 0,375 A, 
1,5 B.) 



Puc. 127 

2. Onpe/jeJiHTb MOiimocTb 3jieKTpHHecKoro naHHHKa, ccsm b hcm 3a 
20 mhh HarpeBaeTca 1,44 k r BOflbi ot 20 °C jx o 100 °C KFIfl = 60 %. 
y^ejibHaa TeruioeMKocTb bo j\bi 4299 ^hc/kt-K. {Omeem: 672 Bt.) 

3. OnpetfejiHTb noKa3aHHH Bcex npHSopoB, ecjiH /jbhhcok peocTaTa 
HaxoflHTca Ha cepe^HHe. 3J\C HCTOHHHKa 9,5 B, BHyTpeHHee conpOTHB- 
JieHHe 1,5 Om, R x = 40 Om, R 2 = 60 Om, R$ = 120 Om, conpoTHBJieHne 
peocTaTa 52 Om. KaK H3MeHflTca noKa3aHHH Bcex npnGopOB npn ^BH3Ke- 
hhh nojwyHKa peocxaTa CHH3y BBepx? (Omeem: 0,2 A; 5,2 B; 4 B.) 



n 

n 




© 

D, 

Fb 

1 ^ 

4 

© 


r\l 



< 



Puc. 128 

4. 3a Kaxoe BpeMK 3 am 3 bo#m HarpeioT ot 20 °C jyo KHneHHfl 3jieK- 
TpoKHnaTH jibHHKOM , ecjiH HanpjDKeHHe b ceTH 220 B, conpoTHBJieHHe 
HarpeBaTejiH KHrumuibHHKa 55 Om? KI\J\ KHiiflTHJibHHKa 60%. (Omeem: 
32 MHH.) 

5. B 3jieKTponaajibHHKe npn Hanpa>tceHHH 220 B B03HHKaeT tok ch- 
jioh 0,2 A. Kaxoe kojikhcctbo ojioBa, b3htoto npH 22 °C, mojkho pac- 
njiaBHTb 3a 2 mhh, ecjiH Kim naxjibHHKa 90 %. Y^ejibHaJi TeruioeMKocTb 
ojioBa 230 /l>K/Kr K, yAeJibHaa TenjioTa ruiaBJieHHa 59000 A>k/kt, TeMne- 
paiypa unaBneum o/roBa 232 °C. (Omeem: 44 r.) 

6. Kaxofi tok Tenex nepe3 aMnepMeTp c npeHe6pe>KHMO MajibiM BHyT- 
peHHHM COnpOTHBJieHHeM? 

Ri = 15 Om, R 2 = 10 Om, R 3 = 10 Om, R4 = 10 Om, 3,HC = 7,8 B. 
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{ Omeem : 0,26 A.) 

7*. TpaMBaHHbiH BaroH Maccow 20 t aBHxceTca paBHOMepHo no ropn- 
30HTaribH0My ynacTKy nyrn co CKopocTbio 54 km/h. Ilocjie OTKJiiOHeHHa 
3JieKTpoABHraTe3ia bbtoh iraer paBiioiaMezuienHo h npoxoaHT jxo ocTaHOB- 
kh 450 m. KaKyio 3HepreTHHecKyio MomHOCTb norpeOjuui 3JieiapoaBHra- 
Tejib jxo ero OTKJiiOHeHHa? KIXA aBuraxejw 75 %. {Omeem: 100 kBt.) 

Bapuaum II 

1. OnpeaejiHTb cHay tokb b npoBoaHHKe R 2 h HanpaaceHHe Ha KOHuax 
npoBoaHHKa R 2 , ecaH 3flC hctchhhkb 9 B, a ero BHyTpeHHee conpoTHB- 
JieHHe 1 ,8 Om. 



{Omeem: 135 A, 2,7 B.) 

2. 3jieKTpOKHnHTHJII>HHK MOIll,HOCTbK) 1 kBt, pa 60 TaK>mHH OT CeTH C 
HanpaaceHneM 220 B, 3a 12 mhh HarpeBaeT 1,5 ji boot Ha 88 °C. ^eMy 
paBeH KTIJI HarpeBaTe.ns. Y^eJibHaa TenjioeMKOCTt boot 4200 flac/KrK. 

3. OnpeaeJiHTb nOKa3aHHa Bcex npn6opoB, ecjiw ,hbh>kok peocTaia 
HaxoaHTca b KpanHeM npaBOM nojioaceHHH. Kax H3MeH5HOTca noKa3aHna 
npH6opoB, ecjiw .hbhhcok peocTaTa nepeMemarb bjicbo? 







ypoK 15. 3neKmpLNecKUU moK e 3neKmponumax 
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= 12,4 B, r = 0,2 Om, R x = 2,9 Om, R 2 = 1,6 Om, - 6 Om, 
R 4 = 2 Om. 

4. 3jieicrpOABHraTejiL TpaMBaimux BaroHOB pa6oTaer npw TOKe 112 A 
h Hanp«»ceHHH 550 B. C xaxoil cxopocTbio flBH>xeTCfl rpaMBaft, ecjiH 
ABHraTejiH C03,zjaK>T CHjiy t«th 3,6 kH, a KTI/J hx paBHO 70%? ( Omeem : 
12 m/c.) 

5. Ckojibko jib^a, B3Jrroro npH -10 °C, mo>kho pacTonHTb 3a 10 mhh Ha 
3jieiciponjiHTKe, pa6oTaiomeH ot cera HanpaaceHneM 220 B npH Toxe 3 A, 
eciiH KTm ycTaHOBKH 80 %. YflejibHaH TeruioeMXocTb jibfla 2100 JJjk/kt-K. 
y^ejibHaH TenjiOTa miaBJieHHfl 340 kJJjk/kt. (Omeem: 0,88 xr.) 

6. HafiTH pacnpe^ejieHHe tokob h Hanp*oxeHHH b npOBOjmnxax. 



r = 1 Om, R\ ~ 3 Om, R 2 = 4 Om, R 2 = 4 Om, R 4 ~ 2 Om, R s = 3 Om, 
R s — 1 Om. 

(Omeem: 2 A; 1 A; 0,5 A; 1 A; 0,5 Arts 0,5 A; 6 B; 4 B; 2 B; 1,5 B; 
0,5 B.) 

7*. 3jieicrpHHecKHH naHHHK HMeeT b HarpeBaTejie ,HBe cexijHH. npH 
BKjiiOHeHHH nepBOH cexuHH Bo^a b naHHHKe 3aKHnaeT 3a 10 mhh, a npH 
BXJHOHCHHH BTOpOH CeKIXHH 3a 40 MHH. ^epeS CKOJlbKO BpeMeHH 3aKHIlHT 
boab, ecjiH bxjhohhtl o6e ceKUHH napajuiejibHO h;ih nocne^oBaTejibHO. 
Ycjiobh* HarpeBaHHB o^HHaxoBbi. (Omeem: 8 mhh; 50 mhh.) 


ypoK 15. 3jieKTpHHeCKHH TOK B 3JieiCTpOJlHTaX 

Ifejlb: BblflCHHTb, KBKHC HaCTHUU JIBjIHlOTCa HOCHTeJUlMH TOKa B 
3JieKTpOJIHTaX. 

Xoa ypoica 

L OpraHH3ailHOHHMH MOM6HT 
II. IIoBTopeHue 

- KaxHe nacTHUbi sbjmiotcx hochtchamh Toxa b ra3ax? 

- Kax ohh nojiynaioTca? 

- BeM OTjiHHaeTca caMOCTOjrrejibHMH pa3pa^ ot HecaMocTOflTejibHoro? 
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- 3a cner kokhx (j)aKTopoB nozwep>Kn BaeTca caMOCTOjrrejibHtiH pa3pfl£? 

- KaKHe bhabi caMocTOHTejiBHoro pa3pw bbi 3HaeTe? 

- ^to TaKoe njia3Ma? 

- npHBe,mrre npHMepti BemecTBa, HaxoA»merocfl b coctobhhh ruia3MM. 

III. npoaeAeHHe caMOCTOsrrejibHoii paSoxbi 

1 . TIo a AeHCTBHeM HOHH3aTopa ra3 CTaji np obo ahhkom , 3apa^ceHHbiH 
ajieKTpocKon, ctojiiuhh pjiaom, HaHHHaeT 6biCTpo pa3pflMcaTtc». rtoneMy 
nocjie yAajieHHH H0HH3aT0pa pa3p«A npexpamaeTca? 

A. HOHH3aTOp pa3pflAHJl 3JieKTpOCKOn. 

B. B pe3yjibTaTe peKOM6HHaijHH 3apa>KeHHi>ie nacTHUbi 6 hctpo hc- 
He3aK)T, npeBpamaacb b HeihpajiBHbie aTOMM, ra3 CTaji Henpo- 

BOAHHKOM. 

B. B ra3e Sy^yT tojibko OAHOHMeHHLie 3apflAbL 

2 . IIoHeMy am yMem»iiieHHJi noTepb 3JieKTp03HeprnH Ha kopohhbih 
pa3p«A b jihhhhx 3JieicrponepeAaH bbicokoto Hanpa>KeHHa npHMeHjnoT 
npOBOAa bo3mo>kho 6ojibmero AHaMeTpa? 

A. Hanpa>KeHH 0 CTb non* b6jih3h noBepxHOCTH npoBOAHHKa yBeJiH- 
HHBaerca. 

B. HanpjDKeHHOCTb nona b6jih3h noBepxHOCTH npoBOAHHKa He Me- 
HJieTCJI. 

B. HanpJDKeHHOCTb nojia b6jih3h noBepxHOCTH npOBOAHHKa yMeHb- 
rnaeTCB. 

3. KaKOH bha pa3p«Aa HMeeT MecTO b JiaMnax AHeBHoro CBeTa? Ha30- 
BHTe HOCHTejiH 3apHAOB npH 3 tom pa3paAe. 

A. TjieiomHif: 3JieKTpoHi>i, hohli ra3a h napoB pTyTH. 

B. KopOHHbiH: ajieKTpOHM, hohbi ra3a. 

B. Hckpoboh: 3JieKTpoHbi, hohbi ra3a. 

4. Kax 3aBHCHT npOBOAHMOCTb ra 30 B ot AaBJieHHH? 

A. He 3aBHCHT. 

B. HeM 6ojii>me AaBJieHHe, TeM 6ojibuie npoBOAHMOCTb. 

B. HeM 6ojibiue AaBJieHHe, TeM MeHMue npoBOAHMocTb. 

5. Kaxwe (J>H3HHecxHe 5iBJieHJW Hcnojib3yK>Tcx Ha HOHH3auHH ra 3 a: 

1) YBeJiHHeHHe TeMnepaxypu. 

2) PeHTreHOBCKne jiynw. 

3) YMeHLuieHMe AaBJieHHfl. 

4) PaAHOaKTHBHOCTb. 

5) yjibTpatjjHOJieTOBoe H3jiyneHHe? 

A. 1,2, 3, 5. 

B. 1,2, 4, 5. 

B. 1,2,3. 

6. Cwjia Toica HacbimeHmi b ra3e 3aBHCHT: 

1) Or npHjioaceHHoro HanpflaceHHa. 




ypQK 15. SneKmpuHecKuu mox e oneumponumax 
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2) /JeHCTBHH HOHH3aTOpa. 

3) 06i»eMa Meatfly 3JieierpoflaMH. 

A. 1. 

E. 1,2. 

B. 2, 3. 

7. ILiockhh KOH^eHcaTop, 3 naMCHHe Hanpxxcemui Ha KoropoM 6 jih 3 ko 
k npo 6 ofiHOMy, otcoc^hhhjih ot HCTOHHHKa TOKa. HacryriHT jih npo 6 ow, 
ecJiH ruiacTHHM nanarb c 6 jiHacaTb? 

A. HacTyiiHT. 

B. He HacryiiHT. 

B. HacrynHT, ecjm imacTHHU c6jmataTb c 6oJibinoH cKopocTbio. 

8. Kopohhlih pa3pjm iiofluepstHBacTca 3a chct 

A. HoHH3Hpyiomero H3JiyneHH«. 

B. TepM03JieicrpoHHOH 3 mhcchh. 

B. Bucokoh TCMiiepaTypbi ra3a. 

T. Bucokoh HanpffiKeHHOCTH 3jieKTpHMecKoro iiojih. 

9. Mo>KeT JIH B03HHKHyTb TOK HaCbHHCHH« IipH CaMOCTOBTejIbHOH 
npoBOAHMocTH ra 3 a? 

A. HeT. 

B. ^a. 

0 Omeembi : 1. B. 2. B. 3. A. 4. B. 5. B. 6. B. 7. B. 8. I\ 9. A.) 

IV. IfoyHCHHC hoboi o MaTepuajia 

StccnepuMeum 

K HCTOHHHKy TOKa COeflHHHJlH nOCJJCZJOBaTCJIbHO JiaMny H 3JieKTpO- 
JiHTHHecicyio BEHHy c AMCTHJuiHpoBaHHOH bo/joh, b KOTopyio onymeHbi 
3jieicipoflbi. 3aMKHyjiH uenb. JIaMna He ropHT. flo6aBHJiH b BOfly KaKyio- 
HHSy^b cojib (Me/imjH Kynopoc). JIaMna 3aropaerca. 

PaccMOTpea yrojibHbie 3Jieicipo;u>i o6HapyatHJiH xapaicrepfHbiH Kpac- 
huh user (Me,m»). IIpH nporeKaHHH TOKa nepe3 pacTBopw 3jieiapojiHTOB 
bmcctc c 3apjmoM Bceryja nepenocHTCfl aemecTBo (3jieicrpojiH3). Hocirre- 
J1HMH TOKa B 3THX IIpOBOflHHKaX «BJWK)TC« HOHU. B paCTBOpaX 3JieKTpO- 
jihtob Bceraa coflepacHTca Heicoropoe hhcjio hohob. Ecjih TOKa HeT, ohh 
ABH ucyTca GecnopJwoHHo. Ho b 3jieKTpHHecKOM none nonoacHTejibHue 
hohu ABH^cyTCB k KaTOfly, orpHuaTejibHue - k aHOjjy. 

J\}IH paCTBOpOB 3 JieKTpOJIHTOB CnpaBeflJIHB 3HKOH OMa. 

npH 3JieicrpoJiH3e npoHCxo/iHT Bbi/jeueuHe BemecTBa: 

m = m «r N i'< 
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_A? 

yV l — “ » 

Qoi %i 

ryje p - MOJwpHaa Macca; n - BaueHTHocTb; Nj - hhcjio hohob, roc- 
THruiHx 3JiexTpo;ja; m 0i - 3ap»^ o^Horo HOHa. 

Vu =n-e\ 


m = 


" I At , HO " 


- const = k . 


r,ae k - aneKTpoxHMHnecKHH 3XBHBaneHT, 3aBHC5imHH ot BemecTBa. 




m = klAt . 
1 


n eN 


I At . 


e* N a = F - hhcjio Oapaaea. 

F = 9,6510 4 Kji/mojil. 

fljia BbmejieHHa 1 mojih ojjHOBajieHTHoro BemecTBa Heo6xo;jHMO 
9,65- 10 4 Kji. 

OTCIO^a MOHCHO HaHTH 3ap5IA 3JieiCTpOHa: 

M 


e = 


mnN . 


I At. 


FIpuMeneHue ojieKmponuaa 

1. Tajik BaHocreHKH (hhkcjihpobbhhc, cepe6peHHe). 

3. TajibBaHonjiacTHK (H3roTOBJieHHe koiihh) (E.C 5Ixo6h, 1838 r.). 

4. 3jieicTpoHaTHpaHHe. 

5. OnHCTKa MeTajuioB, nojiyneHHbix npH BbiruiaBKe H3 pyflbi, ot npo- 
hhx npHMeceii. 

6. SjieiCTpOTOHHpOBKa nOBepXHOCTH . 

V. 3aKpenjieHHe mynemioro MaTepHajia 

- rioneMy HHCTaa Bo^a He npoBo^HT 3jiexTpiiHecTBO? 

- rioneMy BO^a CTaHOBHTCS npOBO^HHKOM npH paCTBOpeHHH COJIH? 

- *ItO Ha3blBaeTCB 3JieXTpOXHMHHeCXHM 3KBHBaJieHTOM? 

- Kax mo>kho onpeaejiHTb 3ap*m 3JiexTpoTOxa? 

VI. PeuieHHe 3ajjaH 

1. ripw cepe6peHHH H3jjejiHii Ha xaTO^e 3a 30 mhh. OTJio)XHJiocb ce- 
pe6po Maccofi 4,55 r. Onpe^ejiHTe cnjiy Toxa npH 3JiexTpoJiH3e. ( Omeem : 
7*2,26 A.) 

2. Cxojibxo HHxejia BbmejiHTcs npH 3JiexTpojiH3e 3a 1 nac npn CHJie 
Toxa 10 A, ecjiH H3BecTHO, hto MOjmpHaa Macca HHxejia 0,0587 kt/mojib, 
a BajieHTHOCTb n — 2? {Omeem: 1 1 Mac.) 




VpoK 16. 3neKmponu3. 3axoHbi Oapadea 
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3. npH 3neKTpoJiH3e pacraopa ZnS0 4 6buia 3aTpaneHa aHepraa 20 kBth. 
Onpe^ejiHTe Maccy BbiAeAHBinerocji uHHKa, ecjiH HanpJDKeHHe Ha 3aacH- 
Max BaHHBi 4 B. ( Omeem : 612 r.) 

4. Onpe^euHTe Maccy cepeGpa, BtmejiHBmerocH Ha Kaxo^e npn 3neic- 
TponH3e a30THOKHcnoro cepe6pa 3a BpeMa 2 nac, ecjiH k BaHHe npRjioaceHO 
Hanpa^KeHHe 1,2 B, a conpoTHBjieHHe BaHHbi 5 Om. (Omeem: m = 1,9 r.) 

5. Onpe^eJiHTe TOAiijHHy caoji Mean, BbmeAHBiiieHCJi 3a 5 nac npw 
3jieKTponH3e Me^Horo Kynopoca, ecjiH iuiothoctb TOica 0,8 A/am 2 . (Om- 
eem: h = 5,3* 1 0 -5 m.) 

/JoiwauiHee 

n. 16; 

3aAaHH Nb 379-382. 


ypoK 16. 3jieKTpojiH3. 3aKOHbi <t>apa/ieH 
Xou ypoKa 

1. OpramnauHOHHbiH momcht 

IL npOBeACHne caMocTOfrrejibHOH pa6oTbi 

1 . HaHTH nocToaHHyio Oapa^ex, ecjiH npn npoxoAcneHHH nepe3 3JieK- 
TpouHTHHecKyio saHHy 3ap?m q = 7348 Kji Ha KaTOAC BbiAejinnacb Macca 
30A0Ta m - 5 r. Xhmhhcckhh 3KBHBaaeHT 30A0Ta A = 0,066 Kr/MOJib. 
(Omeem: 9,65- 10 4 Ha/moab.) 

2. AMnepMeTp, bkaiohchhuh nociieAOBaTejibHo c 3JieKTponHTHHe- 
ckoh BaHHOH, noKa3biBaeT tok I 0 = 1,5 A. Kaxyio nonpaBKy Ha^o bhccth 
b noKa 3 aHHfl aMnepMeTpa, ecAH 3 a BpeMA t= 10 mhh Ha KaTOAe otaoach- 
Aacb Macca mcah m = 0,316 r? 3AeKTpoxHMHHecKHH 3KBHBajieHT mcah 
K= 3,3*10“ 7 kt/Kjt. (Omeem: 0,1 A.) 

3. Jinn cepeOpeHHA jicokck nepe3 pacTBop coah cepe6pa b tchchhc 
B peMeHH r=5r nponycKaAH tok /= 1,8 A. KaTOAOM CAyacaT n = 12 ao- 
AceK, Kaxcaaa H3 KOTopwx HMeeT nAomaAb noBepx hocth 5-50 cm 2 . 
KaKoil TOAmHHbi caoh cepeGpa otaoachtca Ha Aoaocax? MoAapHaa 
Macca cepeGpa //= 0,108 Kr/MOAb, ero BaAeHTHOCTb Z— 1 h nAOTHOCTb 
p- 10500 kt/m 3 . (Omeem: 58 mkm.) 

4. HaHTH Maccy BbiAeAHBiiieHCfl mcah, ccah j\nn ee noAyneHHA 3Aex- 
TpHHecKHM cnocoOoM 3aTpaneHO W - 5 kBt h 3AeKTp03HeprHH. 3 ack- 
TpOA npOBOAHTCA npH HanpHACeHHH U = 10 B. Kim yCTaHOBKH 75 %. 
(Omeem: 0,445 kt.) 

5. Kaxon 3ap«A npoxoAHT nepe3 pacTBop cepHOH khcaotbi (CuS0 4 ) 3a 
BpeMA t= 10 r, ecAH tok 3 a 3to BpeMa paBHOMepHo B03pacTaeT ot 7/ = 0 
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AO /^ = 4 A. Kaicafl Macca Me/jH BtmejiHTca npw 3tom Ha icaTo^e? 3neK- 
TpoxHMHHecKHH 3KBHBaneHT m€ah K — 3,3- 10~ 7 kiVKa. ( Omeem : 6,56 Mr.) 

6. npH pa^HHHpOBaHHH MCffU C TIOMOIAblO 3AeKTpOAH3a k nocneAOBa- 
rejibHo BKJiioHeHHbiM 3JieKTpojiHTH4ecKHM bah ham, HMeiomHM o6mee co- 
npoTHBJieHHe R = 0,5 Om, noABeAeHO HanpAAceHHe U= 10 B. Hairra Maccy 
4HCT0H MeAH, BblACAHBHieHCJl Ha KaTOAaX BaHHbl 3a BpeMA t = 10 4 . 

3JJC = 6B. 3AeicipoxHMH4ecKHH 3KBHBajieHT Me^H k = 3,3* 10' 7 kt/Ka. 
(Omeem: 95 r.) 

7. ripH 3AeKTpOAH3e BOAbI 4epC3 3AeKTpOAHTH4eCKyiO BAHHy B Tene- 
HHe BpeMeHH r= 25 mhh meji tok 1= 20 A. KaKoaa TCMnepaTypa Bbme- 
AHBiuerocji KHCAOpOAa, ecAH oh HaxOAHTca b oO^eMe V= 1 a noA AaBAe- 
HHeM 0,2 Mila. MoA»pHa» Macca boabi fi = 0,018 kt/moak. 3Aeicrpo- 
XHMH4ecKHH 3kb h baacht KHCAOpOAa K = 8,29* lO - ' 8 kt/Ka. (Omeem: 
312 K.) 

8. npH 3AeicrpoAHTH4ecKOM cnocoGe noAyHeHHJi aaiomhhha Ha cah- 
HHuy Maccbi pacxoAyerca W } = 50 kRth/kt 3Aeicrpo3HeprHH. 3Aeicrpo- 
AH3 npoBOAHTCfl npw Hanp5DKeHHH Uj = 16,2 B. KaKHM 6yAer pacxoA 
3Aeicrp03HeprHH W 2 Ha eAHHHuy Maccbi npn Hanp«>KeHHH U 2 = 8,1 B. 


MATHETH3M 

YpoK 17. MarnuTHoe nojie 3JieicTpHHecKoro TOKa 

(cm. ypoK 1 , Makhuicb) 

YpoK 18. MarHHTHoe nojie h ero xapairrepHCTHKa 

(cm. ypoK 3 , MAKHUies) 

ypoic 19. A^HCTBHe MarmiTHoro nojisi na npoeoAHHK 

(cm. ypoK 3 , Makhuicb) 

ypoK 20. Peiuenne 3aAan. Cnjia Aiwnepa 

(cm. ypOK 4 , Makhiucb) 

ypoK 21. JIaOopaTopHan pa6ora 
no TeMe «Ouemca MOAyJM Beirropa MarnuTHOH HHAyicmiH» 

(cm. ypoK 5 , MAKHiuee) 




ypOK 32. Onbimbi renpu 
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ypOK 22. J^eHCTBHe MarHHTHoro nojisi 
Ha ABHHcyiijHecfl 3apsraceHHbie nacTHUbi 

(CM. ypOK 6, MflKHineB) 

ypOK 23, Macc-cneicTporpa^) h uhkjiotpoh 

(cm. ypOK 7 , MflKHineB) 

ypOK 24. PeuieHHe ia^an. Cnjia JlopeHua 

(cm. ypOK 8, MaKHineB) 

ypOK 25. MarHHTHoe nojie BemecTBa 

(cm. ypOK 9 , MflKHineB) 

ypOK 26. KoHTpojibHaa pa6oTa 
no TeMe «3jieicTpoMarHHTHoe none. 3jieKTpH*iecicHe 3apsiAbi» 

(cm. ypOK 1 0 , MflKHIIieB) 


3JIEKTPOMArHETH3M 

ypOK 27. MarHHTHbifi noTOK 

(cm. ypOK 15 , MflKHineB) 

ypOK 28. 3jieKTpoMarHHTHaa hh^ykiihh 

(cm. ypOK 12 , MHKHUieB) 

ypOK 29. Cnoco6bi HHayunpoBanHH TOKa 

(cm. ypOK 1 1 , MflKHIIieB) 

ypOK 30. JlaOopaTopHasi pa6oTa 
no TeMe «H3yneHHe abjichha 3JieicTpoMarHHTHOH HHuyici|HH» 

(cm. ypOK 13, MflKHUieB) 

ypOK 31. Peuienwe 3a^an. 3aKOH 3jieicTpoMarHHTHOH HH^yKUHH 

(cm. ypOK 14 , MaKHiueB) 

ypOK 32. OnbiTbi reHpu 

(cm. ypOK 16, MflKHUieB) 
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ypoK 33. PeuieHMe 3a/jaH. flBjieHHe ca\ioiiHjiyKUHH 

(cm. ypoK 17, MflKHiiieB) 

ypoK 34. PemeHue 3RcnepwMeHTajibHbix 3aaai 

(cm. YpoK 18, MflKHmeB) 

ypoK 35. PetueHHe 3aflan 

(cm. ypoK 19, Mbkhuicb) 

ypoK 36. PemeHue RanecTBeHHbix 3 a/jan 

(cm. ypOK 20, MflKHUieB) 

ypoK 37. KoHTpojibHaf] pafioTa 
no TeMe «3jieRTpoMarHHTHan HHjjyRUHn» 

(cm. ypOK 2 1 , MflKHHieB) 

ypoK 38. Hcnojib30BaHue 3JieicTpoMarHHTHoii HH/iyRUHH 

(cm. ypoK 39, MflKHiueB) 

ypoK 39. reHepHpoBaHne nepeMeHHoro Toica 

(cm. ypoK 38, Mbkhuicb) 

ypoK 40. JIa6opaTopHan pa6oTa 
no TeMe «Onpe^ejieHHe nncjia bhtkob 
b o6MOTKax Tpanc(J)opMaTopa» 

(cm. ypOK 40, MjIKHUieB) 

ypoK 41. Ilepe^ana 3Jieirrpo3HeprHH Ha paccTonHHH 

(cm. ypOK 41, MflKHIIieB) 

ypoK 42. PeuieHHe 3a/jaH. IlepeMeHHbiH 3JieKTpHHecKHH tor 

(cm. ypoK 42, MflKHmeB) 

ypoK 43. 3jieKTpu())HKai|Hn Pocchh 

(cm. ypoK 43, Mbkhuicb) 

ypoK 44. IlepeMeHHbiil 3JieKTpHHecKH if tor 

(cm. ypoK 40, Mbkhuicb) 

ypoR 45. ConpoTHBJieHHe b uenn nepeMeHHoro TORa 

(CM. ypOK 3 1, MflKHUieB) 




VpoK 52. flonyripoeodHUKU 
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YpoK 46. JlaGopaTopHan pa6oTa 
no TeMe «H3MepeHne chjiw TOKa b uenn c KOHaeHcaTopoM» 

(cm. YpoK 32, Mhkhuicb) 

Ypoic 47. JlaGopaTopHan paGoTa 
no TeMe «H3MepeHne mtayKTHBHoro conpoTHBjieHnn KaTyuiKH» 

(cm. YpoK 33, MaKHUieB) 

YpoK 48. JlaGopaTopHan paGoTa 
no TeMe «HccjieaoBaHne 3JieKTpimecKHX cxeM 
C HHAyKTHBHblM, eMKOCTHblM H aKTHBHblM 3JieMeHTaMH» 

(cm. ypoK 35, MflKHiueB) 

YpoK 49. PeiueHHe 3aaan 

(cm. ypoK 36, MflKHineB) 

YpoK 50. PemeHwe 3KcnepnMeHTajibHbix 3aaan 

(cm. ypoK 37, Mhkhuicb) 

YpoK 51. CBoGoAHbie rapiwoHimecKHe 3Jie(CTpOMarHHTHbie 
KOJieGaHHH b KojieGaTejibHOM KOHType 

(cm. ypoK 29, Mbkhhicb) 


YpoK 52. nojiynpoBOAHHKH 

IJejib: no3HaKOMHTb ynamaxcn c nojiynpoBOflHHKaMH. 

Xoa ypoKa 

I. OpraHH 3 ai|HOHHbIH MOMeHT 

II. AHajIH3 KOHTpOJIbHOH paGOTbl 

III. H3yHeHHe Hoeoro MaTepnajia 

MnorHe BemecTBa b KpHCTajumnecKOM coctohhhh He abjihiotch xo- 
pOUJHMH npOBO^HHKaMH 3JieKTpHHCCKOrO TOKa, KaK MeTaJlJlbl, HO HX 
HejIb3H OTHeCTH H K aHOJIdCTpHKaM, T3K KaK OHH He HBJ1BIOTCB XOpOIUHMH 
H30JIBT0paMH. 

HawGo^ee xapaKTepHbiM cbohctbom nojiynpoBo^HHKOB hbbbctcb to, 
hto hx yaeJibHoe conpOTHBaenne pe3KO H3MeHaeTca no,a bjihbhhcm He- 

KOTOpblX BHeiUHHX B03^eHCTBHH. 

3KcnepuMenm 

Bkjhohhtc repMaHHeBbiH KpHCTajui npn KOMHaTHOH TeMnepaType b 
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uent, cojjepacameH hctohhhk TOKa h rajibBaHOMerp. npH 3tom cTpejiKa 
OTKJioHaeTc« HeaHaHHTejibHo. riojiynpOBO/iHHK o6jia^aeT 6ojibiiiHM co- 
npoTHBjieHHeM. npH HarpeBaHMH mohcho yBH^eTb, hto CTpejixa otkjio- 
HHJiacb Ha SojibuiOH yroji. 

H3 TaKHx nojiynpoBO^HHKOB y^ejibHoe conpOTHBjieHHe KOTOpbix pe3- 
ko H3MeHHerca co CHHaceHHeM TeMnepaTypw H3roTaBjiHBaioT TepMOMeT- 
pu (Hcnojib3yioTCH aji a H3MepeHH« TeMneparypbi). 

CoilpOTHBJieHHC MO^CeT H3MeHHTbCH npH H3MeHeHHH OCBemeHHOCTH. 
H3 TaKHx nojiynpoBOAHHKOB ^enafOT <})OTope3HCTopbT 

Ebuio ycTaHOBneHo, hto 3JiexTpHHecxHH tok b nojiynpoBo^HHxax He 
conpoBO^aeTCH nepeHocoM BemecTBa - HHxaxnx xhmhhccxhx H3MeHe- 
HHH C HHMH He npOHCXO^HT. 

OTCK)Aa cjie^yeT, hto hochtcjijimh Toxa hbjuhotcji 3JieKTpoHbi. 

B nojiynpoBo^HHKax BajieHTHbie 3JiexTp0Hbi CHJibHee CBB3aHbi c aTo- 
MaMH. Il03T0My KOHUeHTpaUHH 3JieKTpOHOB npOBOflHMOCTH Majia. npH 
hh3khx TeMnepaiypax npaxTHHecxH Bee BajieHTHbie sjiexTpoHbi npoHHo 
CB«3aHbI C aTOMaMH, HO npH BHeiHHeM B03/jeHCTBHH Ha KpHCTaJIJI 3JieK- 
TpoHbi npHo6peTaioT 3HeprHio, AOCTaTOHHyio jxnn pa3pbma xoBajieHTHbix 
CBH3eH. 

y toto aTOMa, ot xoTOporo 3JiexTpOH 6 mji nepeBe^eH b CBoSo^Hoe 
COCTOHHHe, nOHBHJIOCb B3JieHTHOe MeCTO C He^OCTaJOIHHM 3JiefCTpOHOM. 
Ero Ha3biBaioT «^bipKOH». «flbipxa» bcjxct ce6a xax noJioacHTejibHo 3a- 
pH>xeHHaa nacTHua. SnexipoH moukqt 3aH«Tb BaxaHTHoe MecTO, Tor^a 
«^bipxa» o6pa3yeTCH b coceziHeM aTOMe. IIo3TOMy «jjbipxa» 6jiy>x^aeT 
no xpHCTajuiy. 

ripn co3jiaHHH 3JiexTpHHecxoro nojia «^bipxH» ^BHraioTCH b tom Ha- 
npaBJieHHH, xyjia 6bi ^BHrajiHCb nojioacHTejibHbie 3apfl/ibi, a 3jiexTpoHbi - 
b npoTHBonojio)KHyio. B nojiynpoBO/jHHxe 3JiexTpHHecxHH tox co3,naeTC5i 
«^bipxaMH» h 3jiexTpoHaMH. Taxoe ABHaceHne b xpHCTajuie 6e3 npHMe- 
CeH Ha3bIBaiOT Co6CTBeHHOH IipOBO/UiMOCTbK). 

npOBO^HMocTb, o6ycjiOBJieHHaa HajiHHHeM npHMeceft b nojiynpoBOA- 
HHxe, Ha3biBaeTca xpHTHnecxofi npoBOjjHMocTbio. 

IIpHMeCH, nOCTaBJlBKHllHe 3JieKTpOHbI npOBO^HMOCTH 6e3 B03HHXH0- 
BeHHH paBHOTO HM KOJIHHeCTBa «AbipOX», Ha3bIBaiOTCfl AOHOpHbIMH. B 
TaXHX XpHCTaJLJiaX 3JieXTpOHU ABJIfllOTCfl OCHOBHbIMH HOCHTeJIHMH TOKa, 
HO He ejJHHCTBeHHblMH. 

Taxwe nojiynpOBO^HHXH nojiyHHjiH Ha3BaHHe n-muna. 

llpHMecH, 3axBaTMBaiomHe 3JiexTp0Hbi h co3AaiomHe TeM caMbiM 
no/jBHJKHbie «^bipxH», He yBejiHHHBaa npn btom hhcjio 3JiexTpOHOB, Ha- 
3biBaiOT axuenTopHMMH. 

Taxwe nojiynpOBO,HHHXH noayHHJiH Ha3BaHHe p-muna. 
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npOBOAHHKH o6ji£waioT o^HocTOpOHHeH npOBOAHMocrbio p-n nepe- 
xo^a KOHTaKra ;;Byx nojiynpoBOjmHKOBwx xpHcrajuiOB pa3JiHMHoro uma 

npOBQZTHMOCTH. 

co3^aHH» Taxoro nepexo^a Hy^aio co3^aTb b xpHCTajuie c jxli - 
pOHHOH npOBOAHMOCTblO o6jiaCTb 3JieKTpHHeCKOH npOBOJXHMOCTH (hjih 
H ao6opoT). Taxyro o6jiacTb coanaioT riyreM BBenem m b nponecce Bbipa- 
iHHBaHHa KpHcrajuia hjih axoMa npHMecH b fotobmh xpHcrajui. Hepe3 
rpaHHuy pa3nejunoiiiyK> o6jiacra KpHcrajuia c pa3JiHHHbiMH ranaMH npo- 

BOJIHMOCTH npOHCXOJlHT ^H(J)(J)y3H5I 3JICKTpOHOB H « < HUpOK». 

Ecjih p-n nepexon coejntHHTb c hctohhhkom Toxa Tax, hto6m c ero 
nojio>xHTejn>HMM nojnocoM 6buia coc;iHHcna o6jiacTb c ajiexrpOHHOH 
npoBOAHMOCTbio, to 3JiexrpoHbi h nbrpxH ynajuuoTca BueirniHM noJieM ot 
3amfpaK>mero cjioh b pa3Hbie cropOHU, yBejnmHBaji ero TOJimnHy. Co- 
npoiHBjieHHe p-n nepexona bcjihxo. Tok Man. Ecjih coejpfHHTb hctoh- 
hhx Toxa Tax, hto6u nojio*HTejibHbiH nojnoc 6mji coemmeH c o6jiacTbio 
AWpOMHOH npoBO^HMOCTH, 3aimpaiomHH cjioh yMeHbinaercji. 3tot cno- 
co6 Ha3biBaercn BxjnoneHneM b nponycxHOM hjih npnMOM Hanpaiuieiwu. 

Cnoco6Hocrb nponycxaTb p-n nepexon xoxa b oahom naupaBJienHH 
Hcnojib 3 yK)TCH b npw6opax, xoropbie Ha3breaioTca nojiynpoBOAHHxoBbi- 
mh jiHonaMH. Ohh Hcnonb3yK>Tca juw npeoGpa^o Banna nepeMCHHoro 
Toxa b nocrojiHHbiH. /^ocTOHHCTBa — Majibie pa3Mepu h Macca, AJimeab- 
HbiH cpoK cjiync6, Bbicoxax MexaHHnecxaa npoHHocrb, bwcoxhh KH/(. 
HenocraTOX - He Moryr pa6oTaTb mnxe -70 °C, npn bucokhx TeMnepa- 
Typax pe3xo yxyzuiiaioTCJi pa6oHHe napaMeTpbi. 

IV. Pafcvra c yneOHHicoM 

OrxpoHre yneOHHK Ha c, 239, npowrairre h 3anHiUHre HH^opMannio 
o noJiynpoBonHHxoBOM Tpnone (TpaH3Hcrope) . 

OTBerbTe Ha cnenyiomHe Bonpocbi: 

- Kax ycrpoeH TpamncTop? 

- Kax BKjnonaioT TpaH3Hcrop b ajiexrpHHecxyio uenb? 

- Ha neM ocHOBana cnoco6HOcn» Tpamncropa yBejiHHHBaxb ajiex- 
TpHHeCXHH CHman? 

V. nojjBeaeHHe htoi ob ypoica 

/(o Maumee lajiaime 

n. 78-80. 


ypoK 53. TepMosjieicrpH nee lean imhcchh 
h 3JieKTpoBaicyyMHue npn5opbi 

Ijfejib: c<Jx>pMHpoBaTb noHUTHe TepMoajiexrpoHHOH 3 mhcchh h noxa- 
3aTb ee npaxTHnecKoe iipHMeHCHHe. 
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Xo 4 ypoica 

I. OpramnauHOHHMH momcht 

II. IIoBTopeHHe H3yneHHoro MaTepnajia 

- KaKHe BemecTBa Ha3biBaiOT nonynpOBonHHKaMH? 

- HTO TaKOe «ALIpKH»? 

- KaKHe HocHTejiH TOKa oSecnenHBaioT coScTBeHHyio npoBo^HMOCTb 

noJiynpoBO^HHKOB? 

- Kanyio npHMecb Ha3breaK>T ^OHOpHOH? 

- KaKyio npHMect Ha3biBaioT aKuenTopHOH? 

- Mto TaKoe 3JieKTpoHHo- < abipo4HbiH nepexon? 

- OnHiiiHTe npoqecc o6pa30BaHHH 3anHpaiomero cjioh? 

- ^to TaKoe nojiynpOBO^HHKOBbiH anon? 

- OnwLHHTe ycTpoficTBo h npHHUHn ACHCTBHa npocTenuiero ycHJiH- 
Tena. 

III. npoeeAemie caMOCTOfrrejiBHOH pa6oTbi 

Bapuanm I 

1. rioHevry c noBbiiueHHeM TeMnepaTypbi nojiynpOBonHHKOB hx co- 
npOTHBJieHHe yMeHbiuaeTCH? 

A. yMeHtuiaeTCH KOHueHTpaijHH cbo6oahwx HocHTeneH 3apjmoB. 

B. y Be jiHMHBaercfl KOHHempauHa cbo6oahmx HocHTejieii 3apnnoB. 
B. y BeJIHHHBaeTCfl CKOpOCTb 3JieKTpOHOB. 

2. ^eTbipexBaneHTHbiH KpeMHHH b KanecTBe npHMecn bbo/jht TpexBa- 

JieHTHblH KaKHM 6yneT OCHOBHOH TOK B KpeMHHH? 

A. 3jieKTpOHHbIH. 

E. /JblpOHHblH. 

B. SjieKTpOHHO-^blpOHHblH. 

3. npH paBHbix TeMnepaTypax j\nyx pa3HHHHbix nonynpOBOAHHKOB 

KOHHeHTpaqHH npOBO,ZJHMOCTH 3JieKTpOHOB pa3JIHHHbiei n t > n 2 . B KaKOM 
H3 3THX nOJiynpOBO,HHHKOB 3HeprHfl, Heo6xO£HMaH 06pa30BaHH« 

cBoSo^Hbix 3Jieierp0H0B, 6ojibine? 

A. B nepBOM nojiynpoBOflHHKe. 

B. Bo BTopoM nojiynpOBO^HHKe. 

B. 3HeprHH paBHbi. 

4. B KaKOM nonynpOBOAHHKe npoBo^HMocTb 6oiibme: b KpHCTajuie 
KpeMHHH HJIH KpHCTaJIJie KpeMHHH, T^e HaCTb aTOMOB 3aMeHeHa aTOMBMH 
hh^hh? (BajieHTHocTb Si = 4, In = 3). 

A. PaBHa. 

B. Bojibiue Si. 

B. Bojibiue b npHMecHOM nojiynpoBO/iHHKe. 

5. Hhctwh nojiynpOBO^HHK noMecTHjiH b 3jieKTpHnecKoe none 
(cm. pHC. 133). npH 3TOM B «1» C 06 paJIHCb 3neKTp0HbI, B riOJIOBHHe «2» 
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flbipKH. 3aTeM nojiynpOBOflHHK pa3^ejiHJiH tohho nonojiaM. KaKan nacTb 
TJDKejree? 



A. 1. 

B 2 Puc. 133 

B. O^HHaKOBbi no Becy. 

6. Kax MeiweTCH conpOTHBJieHne npHMecHbix nojiynpoBOflHHKOB npn 
yBenHHeHHH TeMnepaTypbi? 

A. y BeJIHHHBaeTCH. 

E. YMeHbinaeTCH. 

B. He MeHBeTca. 

( Omeem. : 1. E. 2. E. 3. E. 4. B. 5. A. 6. E.) 

Bapuanm II 

1 . Ey^eT ;ih KpeMHHH CBepxnpoBOAHmHH, ecjiH ero oxJiatfHTb no TeM- 
nepaTypbi, 6jih3koh k a6cojiK)THOMy Hyjno? 

A. HeT. 

B. fla. 

B. Xfa, ecjiH oxjia^HTb b MaranTHOM none. 

2. B neTbipexBajieHTHbiH repMaHHH b KanecTBe npHMecn bbo/*ht na- 
THBajieHTHbiH MbinibBK. KaKHM 6yaeT ochobhoh tok b repMaHHH? 

A. 3jieKTpOHHbIH. 

B. ,HbIpOHHbIH. 

B. SjieKTpOHHO-flblpOHHblH. 

3. 3HeprHH, Heo6xo,aHMbie juin o6pa30BaHHH ojieiapoHOB npoBo^H- 
mocth b repMaHHH h KpeMHHH, cooTBeTCTBeHHo paBHbi 1,12- 1(T 19 w 
1,76*1 O' 19 /])k. B KaxoM H3 3THX nonynpoBO^HHKOB npn aaHHOH TeMne- 
parype koh ue HTpanna cbo6oahhx 3jieKTp0H0B npOBO^HMOCTH 6y,aeT 
6ojibiue? 

A. B repMaHHH. 

B. B KpeMHHH. 

B. PaBHbi. 

4. B KaKOM nojiynpoBOflHHKe npoBO^HMOCTb 6ojibiue: b KpHCTajnie 
KpeMHHH HJ1H B KpHCTaJUie KpeMHHH, T^e HaCTb aTOMOB 3aMeHeHa aTOMa- 
mh MbinibHKa? (BajieHTHOCTb Si = 4, As = 5). 

A. PaBHa. 

B. BoJibine b Si. 

B. BoJibine TaM, rue npoH3Be^eHa 3aMeHa. 
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5. npOBOAHHK C aiajenTOpHOH npOBOAHMOCTLIO nOMeCTHJIH B 3JICK- 
TpiwecKoe none (cm* pnc. 134). Ilpn 3tom ocHOBHbie hochtcjih (nwpKH) 
co6pajmcb Ha nojiOBHHe «2». 3aTeM nojiynpoBonmnc paanejirom tohho 
nononaM. Kaxaa Macro TJDxenee? 


A. 1. 

B. 2. 


Eo 


► 

-► 


O 

0 

0 


O 

0 


I 


© 

2 © 
© 


-► 


Puc. 134 


B. O^HHaKOBu no secy. 

6. HtO npOHCXOAHT npH CJIH5U1HH 3JieKTpOHOB H nupoK? 

A. 06pa3yeTCH nempajiKHWH arroM, 3Hepnui He Bbinejiaercii. 

B. 06pa3yerca OTpHiiarejibHUH hoh, 3Hepnw Bbinejiaerca. 

B. 06pa3yerca HeifrpajibHUH aroM, 3Hepm» BbinejineTc». 


(Omeembi: 1 A; 2. A; 3. A. 4. B;. 5. A; 6. B.) 


IV. H3y*ieHHe uoBoro MaTepH&na 

Ecjde n»a 3 Jieicrpona noMecraro b repMeniHHMH cocyn h ynaimro H 3 
cocyna Boanyx, to tok b BaxyyMe He B 03 HHKHeT. B aaxyyMe Her 3 apaaceH- 
HUX HaCTHU. Ohh eCTb B 3 JieKTpOnaX, HO OHH He MOiyT BfclHTH B BaKyyM, 
Tax xa k hx yaepXHBaiOT chjtw xynoHoscxoro iipHTJOKemw npyr x npyry. 
Tina ocBo 6 oaoieHH» 3 JiexrpoHa c noBepxHocra TBepnoro Tejia, HyacHO co- 
BCpuiHTb pa 6 ory npoxHB chji 3 neKTpocraTHHecxoro npHTaaceroin. 

Taxaa pa6ora Ha3UBaerca pafSorow Buxona. T.A. ©nncoH o6napy>KHJi, 

MIX) TOK MOXCeT B03HHKHyTb, eCJIH 0/JHH H3 HMCIOIUHXC51 3JieKTpOnOB Ha~ 

rpero no bucokoh TeMnepanypu. HBJieHHe Hcnycxaioia cbo6o,hhi>ix 3jiex- 
TpoHos c noBepxHOCTH HarperoTo Tejia Ha3Kraaerc» TepM03Jiexrp0HHUM 
3 JICMCHTOM. 3ro aBJlCHHC o6lJICHJieTCa TCM, MTO npH nOBUmeHHH TeMIie- 
parypu xejia, yBejraMHBaercs xHHeTOHecxan anepnia neKoropoH Macro 
3JiexipoHOB b BemecTBe. Ecjih 3ra 3Heprna npeBUCHT pa6oiy Buxona, to 
oh Moacer npeononero chji u npHTJDxeHHa h buhto c noBepXHOcro xena b 
B aKyyM. Ha 3 tom jranemiH ocHosana pa6ora ajiexrpoHHbix JiaMn. 

npocreifflieH 3 JiexxpoimoH JiaMnon aRjiaerca nwon. Oh coctoht H 3 
BaxyyMHoro 6 ajuioHa (crexjwHHMH hjih xepaMHMecxHH), n»yx 3 Jiexrpo- 
noB, anona h xarona. Karon - npOBOJiOHHaa cimpanb c nsyMa BbisonaMH 
nna nonxjHOMeHHa x HcroMHHxy Toxa. BTopoH 3 Jiexrpon - anon - Meran- 

JIHMeCKHH nHCX HJIH HHJIHHJIp. 

ripn nonxjnoMeHHH x HcroMHHxy Toxa xaixin HarpeBaerca, c ero no- 
BepxHOcro Hcnycxaiorrca 3 JiexrpoHU. Ecjih Her 3 JiexTpHMecxoro nojia. 





ypoK 59. JladopamopHan pa6oma 
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nacTb 3JieKTpOHOB jiocTHraeT aHojja. Ecjih ecTb none 3jieKTpHHecKoe 
Meacay 3JieKTpo^aMH } to b uerm TeneT tok. 

^epea /jhoji tok MoaceT npoTeKaTb tojimco Torjja, Kor^a hhtb Haxajia 
jiBJiaeTCH KaTo^oM. IIo3TOMy oh Hcnojib3yeTca b npeBpameHHH nepe- 
MeHHOrO TOKa B IlOCTOflHHblH. 

V. 3aKpenjieHHe myneHHoro MaTepHajia 

- Mokho jih co3;jaTb 3JieKTpHHecKHH tok b BaKyyMe? 

- Mto npenBTCTByeT Bbixojjy ajieKTpoHOB c noBepxHOCTH TeJi? 

- ^to Ha3HBaerca pa6oTOH Bbixo^a? 

- KaKHMH 3apH>KeHHbIMH HaCTHIjaMH M05KeT C03^aBaTbCfl 3JieKTpHHe- 
ckhh tok b BaKyyMe? 

- KaK ycTpoeH BaxyyMHbiH jihoa? 

- Jlna Hero npHMeHHioT BaKyyMHbiii ahoji? 

- KaK ycTpoeHa 3;ieicTpoHHO-jiyHeBafl Tpy6Ka? 

VI. IIoABeAeiiife htotob ypona 

^oviauinee miaHnc 

n. 81 . 

3a^aHH Ns 373-376. 


ypoK 54. 3jieKTpoMarHHTHasi BOJiHa 

(cm. ypOK 52 , MBKHUieB) 

ypoK 55. PacnpocTpaHeHHe 3JieKTpoMarHHTHbix bojih 

(cm. ypOK 51 , MflKHUieB) 

ypoK 56. CneKTp 3JieicrpOMarHHTHbix bojih 

(cm. ypOK 98 , MHKHIUeB) 

ypoK 57. Pa^Ho h CBH-BOjiHbi b cpejjCTBax cba3H 

(cm. ypoK 54 , MaKHuieB) 

ypoK 58. IIpHHUHn pa^HOCBH3H 

(cm. ypoK 55 , MflKHiueB) 

ypoK 59. JIa6opaTopHasi pa6oTa 
no TeMe «C6opKa npocTenuiero pannonpncMHHKa» 

(cm. ypoK 56 , MflKumeB) 
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ypOK 60. BjlHflHHe HCKyCCTBeHHbIX H eCTeCTBeHH bIX 3JieKTpO- 
MarHHTHbix no.ieii Ha WHBbie opraHH3Mbi 

(cm. ypoK 58, MflKHmeB) 

ypoK 61. IloBTopeHHe TeMbi «3aeicrpoMarHHTHbie BOJiHbi» 

(cm. YpoK 59, MflKHmeB) 

ypoK 62. EjlHU-TypHHp 

«MexaHHMecKHe h 3JieKTpoMarHHTHbie BOJiHbi» 

(cm. ypoK 57, MflKHmeB) 

ypoK 63. Pa3BHTHe B3rjiBAOB Ha npupojiy caera 

(cm. ypoK 60, MflKHmeB) 

ypoK 64. OnbiTHoe onpe^ejienne ckopocth cBeTa 

(cm. YpoK 61, MflKHmeB) 

ypoK 65. IIpHHUHn TioHreHca 

(cm. ypoK 63, MflKHmeB) 

ypoK 66. OrpaaceHHe bojih 

(cm. ypoK 63, MflKHmeB) 

ypoK 67. IlpejioMJieHHe bojih 

(cm. y P 0 K 62, MflKHmeB) 

ypoK 68. PeuieHHe 3a^an 

(cm. ypoK 64, MflKHmeB) 

ypoK 69. PeuieHHe 3a^an 
no TeMe «IIjiocKonapajiJiejibHasi njiacTHHKa» 

(cm. YpoK 65, MflKHmeB) 

ypoK 70. IIojiHoe BHy rpeHHee oTpanceHue 

(cm. ypoK 66, MflKHmeB) 

ypoK 71. PeuieHHe 3a^an 

(cm. ypoK 67, MflKHmeB) 

ypoK 72. J^HcnepcHfl CBeTa 

(cm. ypoK 78, MflKHmeB) 




ypOK 83. MHmepcpepeHmjft ceema 
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ypOK 73. JlaGopaTopHan pa6oTa 
no TeMe «ll3MepcHHe noKaiaTejm npejiOMJieHHH cTeKjia» 

(cm. ypOK 68, Mukhuicb) 

ypOK 74. Jlwttbi 

(cm. YpOK 69, MflKHiueB) 

ypOK 75. PeuieHHe 3a^an 
no TeMe «Co6iipaiomasi Jinn3a» 

(cm. ypOK 70, MaKHineB) 

ypOK 76. PeuieHHe 3 a^an 
no TeMe «PacceHBaiomaH jiHH3a» 

(cm. ypOK 71, MHKHIlieB) 

ypOK 77. JIa6opaTopnan paOoTa 
no TeMe «Onpe^ejieHne $OKycHoro paccTOHHHn jiHH3bi» 

(cm. ypOK 72, MHKHIlieB) 

ypOK 78. rjia3. Jlyna 

(cm. ypOK 73, MflKHiueB) 

ypOK 79. JIa6opaTopHafl pa6oTa 
no TeMe «H3yneHHe MO^eJien onTHnecKHx npn6opoB» 

(cm. ypOK 74, MHKHUieB) 

ypOK 80. PeuieHHe 3aAan 

(cm. ypOK 75, MflKHiueB) 

ypoK 81. JlaGopaTopHan paOoTa 
no TeMe «OnpeflejieHne paspeiuaiomeH cnocoOHOCTH rjia3a» 

(cm. ypOK 76, MaKHmeB) 

ypoK 82. KoHTpojibHaH pa6oTa 
no TeMe «OnTHKa» 

(cm. ypoK 77, Mhkhiucb) 

ypoK 83. HHTep<J)epeHHHn ceera 

(cm. ypoK 79, MaKHiueB) 
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ypoK 84. /lntJ)paKUHH ceeTa 

(cm. ypOK 80, MflKHUJeB) 

ypoK 85. JIa6opaTopHa5i pa6oTa 
no TeMe «Ha6jno^eHne HHTcp(J)cpcHUHn h ^n(J)pak'min» 

(cm. ypoK 81, Mhkhuicb) 

ypoK 86. ^,H(|)paKiiHOHHafl pemeTKa 

(cm. ypoK 82, MflKHweB) 

ypoK 87. JIa6opaTopHan pa6oTa 
no Teivie «H3MepeHHe /yiHHbi bojihi>i» 

(cm. ypoK 85, MflKHKieB) 

ypoK 88. nojinpH3ai|Hii cseTa 

(cm. ypoK 84, MflKHineB) 

ypoK 89. 06o6uiaiouiHH ypoic 

no TeMe «OnTMKa» 

(cm. ypoK 85, M^KHniefi) 

ypoK 90. TenjiOBoe H3JiyqeHHe 

(cm. ypoK 92, MaiomieB) 

ypoK 91. JlaOopaTopHasi paOoTa 

(cm. ypoK 93, Makhuicb) 

ypoK 92. CneKTpbi h cneKTpajibHbiH aHajiH3 

(cm. ypoK 94, MflKHineB) 

ypoK 93. JIa6opaTopHasi paooTa 
no TeMe «Ha6jiK>AeHHe cneKTpoB» 

(cm. ypoK 95, MflKHiaeB) 

ypoK 94. HH(|)paKpacHoe h yjibrpa())HOJieTOBoe mjiyneHHe 

(cm. ypoK 96, MflKHineB) 

ypoK 95. PeHTreHOBCKoe lnjiynemie 

(cm. ypoK 97, MflKHineB) 




ypoK 112 . flaaepbi 
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ypoK 96. 06o6maioiuHi« ypoK 
no TeMe «H3JiyqeHHe» 

(cm. YpoK 99, MmcHnies) 

ypoK 100. Ooto^>4kict 

(cm. ypoK 101, MaioraieB) 

ypoK 101. Pemenne zsmslh 
(cm. ypoK 102, MflKHineB) 

ypoK 102. JlaOopaTopnan pa6oxa 

(cm. ypoK 103, MBKHfflCB) 

ypoic 103. Ootohu 

(cm. ypOK 104, Mbkhuicb) 

ypoK 104. PeuieHne sajian 

(cm. ypoK 105, MflKHineB) 

ypoK 105. Pemenne 3Skjxsm 

(cm. ypOK 106, MflKHIUeB) 

ypoK 107. OoT03^|ieKT n ero npHMeneHne 

(cm. ypoK 107, MaiCHmeB) 

ypoK 108. KoHTpojibHan pafiora 

(cm. ypoK 108, MxKHUieB) 

ypoK 109. /^aanenHe ceera 

(cm. Ypox 109, Mbkhiucb) 

ypoK 110. CrpocHne aTOMa 

(cm. ypOK 111, MilKHQieB) 

ypoK 111. KnaHTOBbie nocryjiaTbi Eopa. 
TpyuHocrn Teopnn Eopa 

(cm. ypoK 1 12, MBKHffleB) 

ypoK 112. JIa3epu 
(cm. ypoK 1 13, MflKHineB) 
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floypoHHbie pa3pa6omKu k yvedHUKy B.A. KacbRHoea 


YpoK 113. 06o6maioiuHH ypoK 

(cm. ypOK 1 14, M^KHllieB) 

ypoK 114. PaAHOaKTHBHOCTb 

(cm. ypOK 1 15, MflKHlIieB) 

ypoK 116. MeTOAbi pemcTpauHH 3apmKeHHbix nacTHu 

(cm. ypoK 1 16, M^KHineB) 

ypoK 117. JIa6opaTopHaa pa6oTa 

(cm. ypoK 1 17, MiiKHmeB) 

ypoK 118. Crpoeiwe aTOMHoro HApa 

(cm. y P OK 1 1 8, M^KHUieB) 

ypoK 119. HAepHasi 3Hepmn cbsuh. RetyeKT Macc 

(cm. ypOK 119, MflKHUieB) 

ypoK 120. 3aKOH paAHoaKTHBHoro pacnaAa 

(cm. ypOK 121, M^KHUieB) 

ypoK 121. OTKpbITHe HeHTpOHa 

(cm. ypoK 122, MflKHiueB) 

ypoK 122. /Jejiemie HAep ypaHa 

(cm. ypoK 123, MflKHiiieB) 

ypoK 123. PemeHue 3aAan 

(cm. ypoK 124, Makhwcb) 

ypoK 124. PeuieHHe 3aAan 

(cm. ypoK 125, MaKHiueB) 

ypoK 125. KoHTpoJibHaa pa6oTa 

(cm. ypoK 126, MflKHiaeB) 

ypoK 126. U,enHasi HAepnan peaiouiH 

(cm. ypoK 127, MaKHiueB) 

ypoK 128. TepMonAepHaa peaKiwH 

(cm. ypoK 128, MflKHineB) 




VpoKU Ns 133-136 
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ypoK 129. H^epiibiH peaKTop 

(cm. ypoK 129, MflKHiueB) 

YpoK 130. ATOMHan 3HepreTmca 

(cm. ypoK 130, MjiKHmeB) 

ypoK 131. BHOJiorMHecKoe ^eMCTBHe 

pa^HOaKTHBHOrO H3MCpCHHfl 

(CM. ypOK 131, MHKHUieB) 

ypoK 132. 3apowAeiwe (Jhuhkh 3JieivieHTapHbix nacTHU 

(cm. ypoK 132, Mbkhuicb) 

ypoK 133. 3jieiweHTapHbie nacTHUbi h hx KJiaccH<t)HKamiH 

(cm. ypoK 133, MflKHiueB) 


ypoKH JVs 133-136 

Pe3epBHtie. 



Or/IABJIEHHE 


nOYPOMHWE PA3PAEOTKH K YHEEHHKy 

rJL MJHCHIUEBA, E.E EYXOBUEBA 5 

OCHOBM SJieKTpOAHHaMHKH 

I uaBa 1. MarHHTHoe nojie 5 

TjiaBa 2. 3jieicTpoMaraHTHafl HHAyKHHa 31 

Kojie6amifl h bojihu 

Fjiaea 3. MexaHHHecKHe KOJie6aHHa 59 

TnaBa 4. 3neicipOMarHHTHue KOjie6aHwt 75 

fjiaBa 5. ripoH3BOACTBo, nepe^ana 

h HcnoJit30BaHHe 3Jieiapo3HeprHH 1 01 

rnasa 6. MexaHHHecKHe bojihu 1 15 

TjiaBa 7. 3jieicrpOMarHHTHue bojihu 1 30 

OnTHKa 

TjiaBa 8. CfleTOBwe bojihu 165 

TjiaBa 9. 3/ieMeHTbi TeopHH oTHOCHTejibHOCTH 254 

TjiaBa 10. H 3 JiyneHHe h cneicrpu 272 

KBaHTOBaa <|>H3HKa 

TjiaBa 11. CBeroBbie KBam bi 292 

TjiaBa 12. ATOMHaa (J>H3HKa 324 

TjiaBa 13. <t>H3HKa aroMHoro Ji,npa 342 

TjiaBa 14. 3jieMeHTapHue HacmuM 395 

3HaneHHe 4 >h3hkh hjih oGtHCiieriHti MHpa 

H pa3BHTHH npOHIBO/IHTCJIbllblX chji ofimecrBa 404 

noyPOHHEIE PA3PAEOTKH 

K YMEBHHKy B.A. KACLBHOBA 411 



ynedm-MemoduHecKoe noco6ue 


B nOMOUIb UIKOJIbHOMy YHMTEJ1K) 


BOJIKOB Bjra^KMKp AHaTOJlbCBWI 


YHHBEPCAJIbHWE 
nOYPOHHME PA3PAEOTKH 
no OH3HKE 
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J\mam o6jioxkm EKamepunu Eedpunou 


TIo BonpocaM npHoSpeTeHHa KHHr h 3aaTe ji BCTBa «BAKO» 
o6pamaTtca b OOO «0(5pa30BaTejibHbiH npoeKT* 
Tejie<i)OHaM: 8 (495) 778-58-27, 746-15-04. Caftr. www.obrazpro.: 

npHrjiamaeM k coTpy/tHtmecTBy aBTopoB. 

Tejie<j)OH: 8 (495) 507-33-42. Caftr. www.vaco.ru 


HajioroBaa JibroTa - 

06iuepoccH#cKnii KJiaccn$HKaTop npopytoiHH OK 005-93-953000. 
HanaTejibCTBO «BAKO» 

IIoAnHcaHO k nenara c ^nano3HTHBOB 22.07.2009. 

OopMaT 84* 108/32. Tle^arb o<t>ceTHafl. TapHHTypa TaflMc. 

Ycji. nen. jimctob 24,36. Twpax 5000 3K3. 3aKaa Nq 3477. 

OTnenaTaHo b itojihom cootbctctbhh c KanecTBOM 
n p e^ocra bj] e h H bTX 4wano3HTMBOB b OAO «floM ne^am — B5ITKA» 
610033, r. KupoB, yji. MocKOBCKaa, 122 
Oaxc: (8332) 25-58-83, 53-53-80 
http: //www.gipp.kirov.ru 
e-mail: pto@gipp.kirov.ru 
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MaAatanbCTBO 



KAHECTBEHHM nOMOUjb POCCHHCKOH U1KOJ1E 

www.vaco.ru 


M3dame/ihcmeo cymecmeyem c 1994 a. 

Ceuvac amo xo/wexmue Kea/iu<t>uu,upoeaHHbix 
cneu,uanucmoe u nedaaoaoe , znaeHan ujenb xomopbix - 
noMoaamb ynumento e eao noecedHeeHoii paGome . 


npefl/iaraeM Baiw lunpoKMM accopTMMeHT khmwhom npoflyKunn 
no BceM HanpaeneHnnM o6pa30BaienbHoro npoijecca. Hawn 
KHurn nrnuyT onbiTHbie neflarorn, n Mbi HafleeMCfl, mto nx 
yHHKa/ibHbifi onbrr noMO>KeT b Baujeti npenoAaBaienbCKOti 
AenTenbHOCTM. 


Becb accopTnMeHT npoAyKUMM M3AaTenbCTBa mo>kho hocmot- 
peTb, 3axa3aTb w npwo6pec™ y Haiuwx npeACTaBUTeneti: 


OOO «06pa3OBaTejibHbiM npoexT* 

cani: www.obrazpro.ru, 
e-mail: zakaz@obrazpro.ru, 
ren.: (495) 967-19-26, (495) 778-58-27 


KHtira - noHTOM 

3aKa3bi Ann ornpaBxn KHMr HanoweHHbfM nnaiewoM 
HanpaenflTb no aApecy: 129085, MocKBa, a/n 35 
«AreHTCTBO MenoBenecKMX K0MMyHHKai4nn», 
e-mail: vaco@a4k.ru 


Hauje M3AaTenbCTB0 nPUrJlALUAET aBTopoB 
Ann coBMecTHon pa6oibi b noiwomb poccuncxon Luxone. 
Cboh npeAnoweHMH n no>KenaHMn 
Bbi Mo>KeTe HanpaBnTb b peAaKMnio no aApecy: 
129085, MocKBa, npocneKT Mnpa, A- 101, ocfrnc 518, 
e-mail: pub@vaco.ru, 

Ten.: (495) 789-96-20, (495) 507-33-42 
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Yloco6ue codepwum noAHbiu komhackm noypoHHbix 
uacihoG Oar tipoGedeuuR ypoxoG (puinxn 6 11 kaciccc no 
yneOnuKUM i Jl. M nxiuneGa, B.E. Byxo6ue6a (M.: YlpocGe- 
in,cnnc) u B.A. KacbRHoGa (Al; Apo(pa ). 

YlocoOue noAHOcmbto ciGihohomho — codep>Kuin Gee hc- 
ooxodiiMbie yuumcA to AuimepuciAbt: pcuGepuymbie tiAanbi 
ypoxoG, cnpaGoHHbiii n mecmoGbiu MarnepuaA , xoutnpoAb- 
ubie u caMOcmoRnieAbHbie paOombi. Eydeni hoacaho xax 
miHumuoupiM nedazozoM , max u npenodaGameARM co 
cvudkcm. 





